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Cholinesterase activity in 


toxemias 
of diverse etiology has been studied from 
time to time with a uniform result of a 
moderate reduction in all such cases;'~* 
however, none of these works included 
an adequate number of patients with 
the Lach 


Zajacowa‘’ studied blood cholinesterase 


same. etiology Recently 


in a great variety of infectious diseases 


(typhoid fever among them), and re- 


ported depressed enzymatic activity, 


more marked in severe cases, but, un 
fortunately, its values were not followed 
serially 


in each patient 


Aside from a pathologic evidence of 


liver damage in Enterobacteriaceae 


infections especially in typhoid fever 


there are studies with suggestive data 


to support the idea of a hepatic injury 


and diarrheas 


7 
al 


gastroenteritis in 


general,’* and Kun et * have shown 
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Mexico, D. | 
that GGram- 
the 
the liver, 
The 


quantitative 


endotoxins produc ed by 


negative bacteria interfere with 
carbohydrate metabolism of 
thus inhibiting glycogen synthesis 


lack 
test had obstructed the 


of a sensitive and 
correlation of a 
real hepatic function and clinical evolu 


tion, but at present Michel's technique 


0 


for plasma cholinesterase!’ has partly 
overcome that difficulty 

the 
normal values ma‘ be explained in three 


different 


On this basis, the alterations in 


ways: (a) direct inhibition by 


endotoxins products, (b 


the 


or derived 


modification of plasma volume in 
presence ol normal quantities o cholin 
esterase, and (c) alteration of the hepati 
synthesis of the enzyme 

Plasma cholinesterase is described as 
a true guide of the nutritional state, but 


children 


are frequently 


since in our infections and 


malnutrition associated, 


hould be 


eliminate 


the appraisal of the findings 


made in such a way to 


ld 


corporal weight, one of the most repre 
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sentative the nutritional 


state, as a contributing factor 


elements of 


All data of plasma cholinesterase have 
been reported in relative terms without 
taking into account the total activity 
present in the plasma volume; this un- 
known volume of distribution makes it 
impossible to state, with a basis on the 
increase of the relative activity, if the 
circulating enzyme has changed in the 
same sense. In order to judge the evolu- 


tion of the relative activity in relation 


to the total quantity of enzyme present, 


it became necessary in some cases to 


estimate plasma volume. 

Considering these points, we tried to 
study the enzyme activity of plasma 
cholinesterase in children infected with 
pathogenic Enterobacteriaceae, follow- 
ing it serially to see its evolution along 


‘ 


the course of the disease ; these results 


were then correlated with the clinical 
response and compared with those ob- 
tained in children with diarrhea without 


detectable pathogenic agent. 


MATERIAL AND METHODS 


Thirty-three children infected with Entero- 
bacteriaceae, confirmed in every case by blood 
and/or stool cultures, were divided as follows: 
18 with Salmonella typhi (16 in blood and 2 only 
in feces), 9 with Shigella flexneri (only in feces), 
Olli 
gomez) only in feces, and 4 with various salmo- 
nellas (S. derby, S. paratyphi A, S. typhimurium 


4 with Escherichia coli (Escherichia coli- 


and an unidentified salmonella from group C) 
isolated in feces and in the second in blood culture. 
In 2 of these cases there was association of 2 
derby and Sh. flexneri, and S. 
typhimurium and Esch. coli 0111, 
With the exception of 3 cases, all recovered; 2 


bacteria: S 


died because of toxemia, and the third became 
complicated by post-operative sequelae due to 
perforation from typhoid fever 

One hundred normal children previously stud- 
ied" served as control to judge the recovery of 


normal values. Eighteen children with diagnosis 


J., Criollos, O., 
1954, 


acetilcolines- 


11. Benavides V., | Kumate, 
Carrillo, J, and Pérez Navarrete, J. L 
Colinesterasa plasmitica y 

terasa globular en nifios normales. Bol. med. 
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of “infectious enteral diarrhea,"’ in whom no 
pathogenic germ was found in at least 3 stool 
and blood cultures at daily intervals, served as 
control group to elucidate the effects derived 
from pathogenic bacteria 

Plasma cholinesterase was determined by 
Michel's technique” and its activity was ex- 
pressed as ApH/hour; this unit is calculated by 


use of Michel's formula: 
ry 
bh 


pH, 
pH, hour = 

where pH, =initial pH, pH,=final pH, 4, =time 

of mixing with acetylcholine, ) =time of reading 


pH, 


pH2, b=nonenzymatic hydrolysis correction cor 
responding to pH, f =correction for variations in 
ApH/hour with pH, corresponding to pH». The 
corrections for b and f vary between 0.01-0.09 in 
band between 0.98-1.09 for f as given by Michel 

Bacterial endotoxins were obtained by Waiker’s 
technique" and plasma volume, by means of Ev 
ans blue technique, as described by Gibson and 
Evans adapted for Coleman Junior spectropho 
tometer." 

Statistical analysis was conducted in the man 
ner described in standard treatises on the sub- 
yee t.“ 
least weekly, 
coinciding with the determination of enzyme ac- 


The weight was registered at 


tivity. The plasma volume was measured in 9 
cases of typhoid fever in whom 24 simultaneous 
determinations of plasma cholinesterase were 
made. 

The corporal area was determined by means of 
Boothby and Sandiford's 
from DuBois’ formula 

Typhoid fever and were 
treated with chloramphenicol, synnematin B, 
or tetracycline; 4 children with shigella were 


monogram derived 


salmonella cases 


given sulfadiazine at the rate of 200 mg/kg/day 
for periods of 4 to § days. The control group was 


12. Walker, J. 1940, A method for the isolation 
of toxic and immunizing fractions from bac 
teria of the Salmonella group, Biechem. J 
34: 325-329. 
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Clinical studies of the blood volume; clinical 
application of a method employing the azo 
dye “Evans blue” and the spectropho- 
tometer. J. Clin. Investigation, 16: 301-316. 
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with Applications in Medicine, New York, 
Prentice-Hall, Inc. 

. Crawford, J. D., Terry, M. E. and Rourke, 
M. 1950, Simplification of drug dosage cal- 
culation by application of the surface area 
principle. Pediatrics, 5: 783-789 
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managed symptomatically by means of diet and 


parenteral fluids; in 6 patients, sulfadiazine was 


given at the same doses as those employed in 


the shigella group 
RESULTS 


In the 33 cases, 122 serial determina- 
tions were made, from the 8th to the 
46th day of th® disease. The range of 
values of enzyme activity was between 
0.27 and 1.70 ApH /hour 

The 30 cured or recovered cases were 
plotted in a scatter diagram (fig. 1). 
The regression equation was 


y = 0.01736x +-0.31; r= 0.6345, 
Syz= 0.21 and t=7.46, 


with P<0.001 

Their grouping from the second to the 
5th weeks is shown by a series of levels 
which go from 0.495 to 0.93 ApH /hour, 


PLASMA CHOLINESTERASE 
Apri/HOUR 
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Days of the disease (enterobacteriacece 


Fic. 1 


rhe group comprises 


Horizontal dotted line represents the mean of enzyme 


+ 2e are denoted by full lines 


Evolution of plasma cholinesterase activity in une 


x0 proved (blood and or feces cultures CASES 


passing through 0.61 and 0.72 in the 
3rd and 4th weeks. Standard deviations 
were 0.15, 0.18, 0.18, and 0.25, respec 

with N of 34, 28, 24 and 21 
Statistically differ- 
found at both 


below , as W ith 


tively, 
cases significant 
ences were each 


that 


level, 


with immediately 


that above (fig. 2). The weekly grouping 


of cases with salmonellosis, shigellosis 
and colibacillosis, respectively, showed 
the same tendency. 

Che weight increase factor and course 
were correlated in 


of enzyme activity 


both groups. In the salmonella group, 
the deficiencies in initial weight, which 
greater than 35%, 
20% 
relation to the ideal weight for the age) 
r=0.1467; t=1.039, 


give significance to P>0O.25 (fig. 3). In 


were not were 


grouped around (calculated in 


which does not 


y= 0.01736x+0. 30973 


Sy, = 0.211 
r = 0.635 
t = 71464 
P £0001 


infection) 


ventful E-enterobacteriaceae infection 
with 99 serial determination 


values in 100 normal children: the limite M 
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Weeks of the disease (enterobacteriaceae infection) 


I 1G. 2 


the whole group 


Levels of plasma cholinesterase activity from the 2nd to the 5th week of the disease in 


[he differences between each mean level and its next one are statistically significant. 


Dotted and full lines represent M +2¢ of 100 normal children 


the shigella and escherichia groups, the 
initial weights were as low as 40% of the 


theoretical weight, and the correlation 
showed that r=0.088, 1=0.46, 


P>0O.1. 


The differences between the relative 


with 


and absolute increases in plasma cho 
studied by 
between the 
the total 
(dilution) 


linesterase activity were 
the correlation 
(ApH /hour) 

((ApH 


cholinesterase 


means ol 
relative and 
activities hour) 
(plasma plasma 
volume in liters)] in figure 4a: r= 0.59; 
t= 3.4, which gives P <0.001 for N = 24. 


Correlation between the relative and the 


space 


total activities/m? of corporal area (fig. 
4b), gave r=0.5 with ¢=2.7 and 
P<0.02: the plotting between ApH / 
hour and the total activity/corporal 
weight in kg (fig. 4c) showed r= 0.675, 
t=4.2 and P<0.001. 

In the control group, 52 determina- 
tions were distribution 


made; their 


in seatter diagram (fig. 5) shows 
y = 0.01842x +0.61;7r=0.45; 1 
P<0.001; the 
plasma cholinesterase and weight in this 
group 


3.57 and 


correlation between 


was erratic and without clear 


tendency (fig. 6) 


In the elim nated cases there was 
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y =0.001994 x + 0475 
r =0.1467 
t = 0.1467 


0.25-0.30 





68 670 $0 


100 uo 


% theoric weight (salmonelia group). 


Fic. 3 
pressed as percent of theoretic weight for their age 
values; full line 


mean —2¢ of normal values 


association of abnormal circumstances 
which preclude their inclusion in the 


typhoid fever group. The first was a 
antibiotic 
6th «a 

illness 


second associated to the ty phoid picture 


resistant to 
the 


day of 


severe Case 
who died on 
(19th 


and 


treatment, 


after admission 


from myocarditis 


toxemia 


and hepatic coma as a result of infec- 
tious hepatitis, and although she re 
covered from the coma, she died 3 days 
later with peritonitis due to a perfora 
tion. The last case presented intestinal 


perforation which was treated op- 


portunely, but his postoperative condi- 
tion was com plic ated by hernias which 
required 4 more operations. In every 
case, enzyme values, low in themselves, 


showed tendencies to decline even more, 


Scatter diagram between plasma cholinesterase activity (A4pH/hour) 


in salmonetia 


and weight (ex 


group. Dotted line = mean of normal 


and reflected faithfully 


the clinical 


course, 


DISCUSSION 


Statistical analysis of the first scatter 
diagram (fig. 1) shows clearly a positive 
correlation between enzyme values and 
days of disease (uneventful); if the re 
1.0518 
(mean for the 100 normal cases previ 
42.7 


be the time necessary for 


gression equation is solved for y 


ously studied), x days, which 


would com 
normal values of 
the study 


there were only 3 cases with determina 


plete recovery to 


cholinesterase. In present 


tions previous to the &th day serially 


followed, in whom, after a drop to 


lower values in the second week, a rise 
Since in 


to normal values was observed 
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Fic. 4.—Scatter diagrams between plasma 
cholinesterase activity (ApH/hour) and its dis- 
tribution volume in typhoid fever cases, expressed 
as: 
a (ApH/hour) (plasma volume in liters) 50* 
b (ApH/hour)(plasma volume in liters) 50* 
corporal area in square meters 


¢ (ApH/hour)(plasma volume in liters)50* 


corporal weight in kgs 
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the great majority of cases the lowest 
values are found on the second week, 
we have taken statistically the end of 
the second week of the disease as the 
date on which the process of recovery 
begins. Figure 2 with values grouped in 
weekly shows that 


levels differe. ices 


between them are statistically signif- 
icant, 

With the inhibition of hepatic cholin- 
esterase synthesis by albumin infusion, 
both rates of decrease and increase 
were similar” and comprised 28 days; 
our cases give the same duration if we 
add the initial 14 days of the incubation 


period of and if we 


typhoid fever; 
subtract the same 14 days to the period 
calculated for the regression equation 
(42 days), the result is 28 days as period 
of regeneration, which is the same period 
of time obtained in human adults (nor 
mal and 


DPF as 


linesterase.'7'5 


with hepatic lesion) using 


irreversible inhibitor of cho 


Our experiences on the incubation of 
endotoxins from salmonella and patho 
genic escherichia with human serums 


as source of cholinesterase—do not 


reveal any inhibitory effect on the 


enzyme activity; the range of con 


centrations used varied from 50 to 100 


W alker's 


ug of endotoxin (obtained by 
technique)/ml of serum. 
Correlation studies between relative 


and absolute activities show a signil 


icant association of a direct type, as 


much for total activity, as m? of cor- 
* Dilution factor in Michel's technique for 
plasma cholinesterase 
16. Vorhaus, L. J]. and Kark, R. M. 1953, Serum 
cholinesterase in health and disease. Am. | 
Med, 14: 707-719. 
Vorhaus, L. ]., Scudamore, H. H. and Kark, 
R. M. 1950, Measurement of serum cholines 
terase activity: a useful tool in the liver and 
biliary system 
315. 
Grob, O., Lilienthal, ]. I 
and Jones, B. F., 1947, 
di-isopropy! fluorophosphate (DPF) to man 
Bull. Johns Hopkins Hosp. 81: 217-244 


Gastroenterology, 15; 304 


Harvey, A. M 


The administration of 
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Fic. 5.—Evolution of plasma cholinesterase activity in control group--18 children with noninfee 


diarrhea and 52 serial determinations. Dotted and full lines represent M + 2¢ of normal value 
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Fic. 6.—Scatter diagram between plasma cholinesterase activity (ApH/hour) and weight (expressed 
as percent of theoretic weight for their age) in control group. Dotted and full lines represent M + 2a of 
normal value in children 
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poral area, and for weight in kg (fig. 4a, 
4b and 4c). We then conclude, for the 
typhoid cases studied, that 
the activity 
expressed as ASpH/hour were not con- 
the 
volume of distribution, but reflect an 


increases 
observed in enzymatic 


trived by inverse alterations in 
increase of ciré ulating cholinesterase by 
probable hepatic synthesis. 

There remains, then, the only other 
the endotoxins 


on the liver, which is the generating 


possibility, action of 
organ of the enzyme. Levine's study'® 
shows that the enzyme is found, as all 
and its 
average half-life is 6 to 7 days; in the 


proteins, in a dynamic state, 


absence of extrahepatic factors, and 
independently of the value reached in 
the rate of increase varied 
but the 
(before illness) were reached in a period 
of 28 days. If 


result of disturbed hepatic synthesis of 


the decrease, 


in each case, normal values 


the fall is considered a 


cholinesterase, both decrease and rise 
may be treated as curves of decay and 
regeneration, respectively, in which the 
application of the equation k = 2.303/t 
5% 


enzyme needed to complete the original) 


log c°/e yield « (quantitity of 


when it is solved for 42.7 days (time 


calculated by regression equation for 


complete recovery in our cases) in 
accordance with the value obtained in 
our study. 


The 


Cases ol 


reports of hepatic damage in 


diarrhea are from authors’* 
who suggest that children with a severe 
process of dehydration go through a 
period of serious malnutrition and are 
prone to suffer a functional hepatic 
lesion afterwards. As children studied by 
us were affected by toxemic processes 
with and without diarrhea, we made two 


groups: (1) typhoid fever and other 


19. Levine, M. G 
life of human serum cholinesterase 
entia, 9: 101-103 


1953, Dynamic state and half- 
Experi- 
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salmonellas (severe toxemia and mod- 


erate or absent diarrhea) and (2) shi- 
gella and escherichia (mild toxemia and 
both the 


association between the course of cho- 


severe diarrhea). In groups 
and 

the 
studied. In the first group (fig. 3) the 


linesterase activity percent of 


theoretical weight for ages was 


and without 
the initial 
weights reveal almost always first de 
than 15% ol 


weight loss) and in some cases none; 


correlation is very poor 


significance; moreover, 


gree malnutrition (less 
for that reason, the effects on the liver, 
in these cases, are not attributable to 
the factor of an increase in weight dur- 
ing the favorable course of the illness 
In the second group, the initial weights 
show that in the majority of cases a 
third degree malnutrition was present 
(more than 40% 


correlation 


ol weight loss) : the 


is very poor and without 
significance. Since in those cases diar 
rheal hemoconcentration may equal ex- 
tracellular fluid increase of malnutrition, 
that 


produce a functional reversible damage 


we may conclude endotoxins 
of the liver which shows itself, among 
other things, by a decrease of plasma 
cholinesterase. 

In the control group, the correlation 
with days of evolution showed P <0.001. 
Solving its regression equation for y 
1.0518 (mean of the normal values), 
x = 18.5 days. If this figure is compared 
with the result in cases with proved 
pathogenic bacteria, the difference is 
more than double (42 to 18.5). How- 
ever, the values of their slopes are al- 
identical (0.01736 and 0.01843), 
which indicates that rates of regenera- 


most 


tion, starting from the lowest level, were 
the same in both series. Nevertheless, 
as the value of a in the regression equa- 
tion is 0.61, it may be seen that the 
decrease did not reach levels as low as 
in the infected group, and that an extra- 


hepatic factor intervened to hasten the 
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recuperation of the enzyme values in 
plasma. In this group, the initial weights 
were comparable to those in the sal- 


5° ol the theo 


monella group (above 7 
retical weight for their ages) and did not 
show relation with the plasma level of 
It is very likely that the 


changes found in 


cholinesterase 
these cases are due 
exclusively, in their first phase, to the 
sug - 
ested by Schlesinger,’ and the reason 
than 
salmonella and shigella 


effect of acute malnutrition, as 


for cholinesterase values higher 
those found in 
escherichia groups could be a milder 
the 


the acute diarrheal 


hepatic lesion, of hemoconcentra- 


tion secondary to 
process, or both of them; the greater 
speed of recovery is not a 


but 


process ol 


pure recovery, with our present 


data we can not offer an explanation. 
\s Zeller®® has described inhibition of 
cholinesterase ranging from. 10 to 30% 
by certain sulfonamides at therapeuti 
doses, our cases receiving sulfas were 
analyzed on the basis of a possible asso- 
enzymatic values during 


ciation ol low 


period such relation 


) 


such therapeutic 


was found only in 2 cases, but they were 


studies. Al- 


have 


from. statistical 


Smith et al 


Cx¢ luded 
though described 
1940, Inhibition of cholinester 
and diamines. Hels 
25: 216-229 
Worrel, ( S 


Inhibition ot 


iIphonamide 

Chin \cta 

1. Smith, G. N 
A. L. 1949 

chloramphenicol 
58: 803-809 


and Swanson, 
bacterial esterases 
’ ( chloromycetin | 


, 
Bact 
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inhibition of bacterial esterase by 


chloramphenicol at high doses and 


slight inhibition of crystalline horse 


liver esterase over a wide concentration 
range, a rise of enzyme values occurred 
during therapy in our cases treated with 


antibiotics. 


SUMMARY 


Thirty-three cases of infection by 


showing 
blood 
(Salmonella, Shigella 
0111), and 18 « 
without pathogenic 


Enterobacteriaceae, patho 


genic forms in and or fee cs 


and sscherichia 


colt 


ises of diarrhea 


forms in blood or 


feces, serving as control group, were 


followed serially with regard to thei 


clinical condition and plasma cholines 


terase values. The enzyme activity was 


consistently found at low levels in the 


early stages W ith a tendency to increase 
clinical condition 


as the improved 


Contrastingly, in those cases 
fatally, 


enzyme 


ending 
recovery, the 
further de 


crease, or remained stationary at signif 


or having a slow 


activity showed a 


icantly low levels. The period of r 


covery was calculated at 28 days for the 


infected group, and 18.5 days for the 


control 

The recovery of the enzyme activity 
to normal levels is thought to be due to 
relation to in 


liver synthesis with no 


crease in weight, to ilterations in 


volume distribution, or to direct action 


of endotoxins on the circulating en 


zyme 
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From the Communicable Disease Center, Public Health Service, 
Education, and Welfare, P.O. Box 61, Montgomery, 


The study of past outbreaks of rabies 
in cattle humans in South 
that 


and 
the 


and 


Central America has shown 


vampire and the fruit-eating bats of 


those areas at times may disseminate 


the virus'*. These bats were shown to 
be susceptible to experimental rabies 
infection, from which there were occa- 
sional survivors.’ Later studies have 
that the 
bats of North America also may be in- 


fected 


demonstrated insectivorous 


experimentally,** and recent 
reports of the finding of naturally in- 
fected insectivorous bats in the United 
States'*-" have raised the question of 
the possible role of bats in the ecology 
of rabies in this country. For this reason 
the 


bats 


studies were initiated on main- 


tenance of insectivorous under 
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INSECTIVOROUS BATS 
EIDSON 


S. Department of Health, 
Alabama 


laboratory conditions, on their reaction 
to experimental rabies infection, and 
on variations in infections produced by 
virus isolated 


preparations of rabies 


from several different sources 


MATERIALS AND METHODS 


Three species of bats were employed in the 
studies. Specimens of Myotis lucifugus and Pipis 
trellus subflavus were obtained from Dr. Ernest P 
Edwards, Frederi« k, Maryland. These 


cies were collected during hibernation in caves in 


two spe 


western Maryland, shipped under refrigeration, 
and stored in a refrigerator for several days before 
fully 
within 10 minutes after being removed from the 


inoculation. These bats became active 
refrigerator. Specimens of Eptesicu 
James B 
Indiana, and from Bryan P. Glass of Stillwater, 
Oklahoma fully 


condition. All of the bats under observation were 


fuscus were 


obtained from Cope of Richmond, 


hese bats arrived in active 
kept in 8 inch X10 inch X5 inch metal boxes with 
Their 6 to 8 


chopped crickets per day and water, which they 


wire mesh tops diet consisted of 
took readily from petri dishes 


Four different preparations of rabies street 
virus were employed. The first preparation, 
“Alaska wolf M,IL;," originally isolated from a 
wolf brain, had had two intracerebral and one 
intralingual mouse passages in the laboratory 
The second preparation, “Florida bat #250", 
consisted of a 5% suspension of brain material 
from a naturally infected bat collected in Florida 
rhe third preparation employed, “Florida bat 


#61 M',” 


representing the first intracerebral mouse passage 


consisted of 10% mouse brain material 


of brain material from a naturally 
The fourth 


infected bat 
“Florida bat 


M,ILi,"’ consisted of 10% mouse brain infected 


preparation #082 


with a strain of rabies virus isolated from a 


naturally infected bat. This strain had undergone 


$ intracerebral and 1 intralingual mouse pas 
sages. 

As each of the preparations was inoculated into 
bats it was titrated by the intracerebral inocula 
4-week-old 


CFW mice. The total dose inoculated is expressed 


tion of tenfold dilutions into 3- to 


as mouse intracerebral LDyo's 


Intracerebral inoculations of both mice and 
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bats were made with a 27-gauge } inch needle 


and } ml syringe, and in an identical manner 
except that a volume of 0.02 ml was inoculated 
into the bats and a volume of 0.03 ml was inocu- 
lated into the mice. Intramuscular inoculations 
of bats were made with the same size syringe and 
needle, Injections were made into the heavy 
muscle over the breast using a volume of 0.05 or 
0.1 ml 

Collections of saliva were made by swabbing 
the mouth with a small pledget of cotton held 
in thumb torceps. The cotton was soaked in 4 ml 
of horse serum in a flat bottom vial and the excess 


Bats, 
when touched on the back, open their mouths to 


pres ed out against the sides of the vial 
complain, allowing the introduction of the swab 
\fter about 10 seconds of swabbing, the pledget 
of cotton was thoroughly agitated in the horse 
erum. The process was repeated three times for 
each collection. To control bacterial contamina- 
tion, 500 units of penicillin and 1.0 mg of strepto 
mycin were added to each 4 ml sample. The mix 
ture was then allowed to incubate for 4 hour at 
room temperature before being inoculated intra- 
cerebrally into mice. Rabies virus was considered 
solated when Negri bodies could be demonstrated 
in brain smears from mice which died following a 


typical course of symptoms. Five mice were 
inoculated with each specimen and observed for 
a 30-day period before being discarded as nega- 
tive. 

When death 
glands 


brain was made and 


of bats occurred the brain and 
salivary were removed. A smear of the 
tained with Sellers’ stain 
for detection of Negri bodies. The remainder of 
the brain was then ground in a mortar with 2.0 
ml of normal horse serum plus antibiotics (1000 
units of penicillin and 2.0 mg streptomycin per 


fluid 


inoculated intracerebrally into mice to determine 


ml), centrifuged, and the supernatant 


the presence of rabies virus. The salivary glands 
were prepared for inoculation in a manner similar 
to that of the brains except that a smaller volume 


(1.0 ml) of normal horse serum was used 


RESULTS 


2, 3, 4) of 


inoculated 


Four specimens (no. 1, 
M. lucifugus 
cerebrally with 14,000 mouse intracere- 
bral LDg'’s of the the Alaska 
preparation of virus. Deaths occurred on 
the 10th, 17th, 20th and 21st days after 
inoculation. Negri bodies were present 


were intra- 


wolf 


in the brains of three of these bats. 


Rabies virus was isolated from the 
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brains of all four bats and from the 


salivary glands of one. 
Three specimens (no. 5, 6, 7) of M. 


lucifugus were inoculated intramuscu- 
larly with 35,000 mouse intracerebral 
L.Dw's of the Alaska wolf preparation 


of virus. Members of this group died on 
the 20th, 27th, and 33rd days. The brain 
of one was Negri-positive; two were 
Negri-negative. Virus was isolated from 
the brains of all three, but from the 
salivary glands of only (no. 6). 
Saliva samples were collected from one 


one 


of this group (no. 7) on the 28th, 32nd 
and 33rd days, but no virus was isolated 
from any of the samples. 

The next group 
specimens (no, 8, 9, 10, 11) of M., 
lucifugus which were inoculated intra- 


consisted of four 


cerebrally with 0.29 mouse intracerebral 
LD» of the Florida Bat #250 prepara- 
tion of virus. One of this group (no. 8) 
became aggressive on the 24th day after 
inoculation and was killed on the 25th 
day. Virus was isolated from the brain 
although the brain was Negri-negative 
the 
salivary glands. A member of this group 
died on the 39th day 


and no virus was isolated from 
and another on 
the 61st day. The brains of both were 
Negri-negative; no virus was isolated 
the 


either; 


from brain or salivary glands of 


therefore, these deaths were 
considered to be nonspecific. The fourth 
member of this group (no. 11) died on 
the 50th day after inoculation. The 
brain was Negri-positive and virus was 
isolated from both brain and salivary 
glands. The only symptom displayed 
was decreased appetite for the last 4 
days before death. Saliva samples had 
been collected from this bat on the 32nd 
through the 50th days. Rabies virus was 
isolated from those samples collected 
on the 36th, 37th, 39th, 43rd, 46th, 
48th, and 49th days. 

A group of three (no. 12, 13, 14) M. 


lucifugus were inoculated intramuscu- 
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larly with 0.71 mouse intracerebral 
LD of the Florida Bat #250 prepara- 
tion of virus. Deaths occurred on the 
6ist, 82nd, and 129th days after inocu- 
lation. No signs of disease were apparent 
before death ; the brains of all three were 
Negri-negative; and no virus was iso- 
lated from the brains or salivary glands 
of any of the group. Saliva samples were 
collected from these bats daily beginning 
on the 32nd day after inoculation and 
continuing until death of the animal. 
No virus was isolated from any of these 
samples. Therefore, these deaths were 
considered to be nonspecific. 

Two specimens (no. 15, 16) of P. 
subflavus were inoculated intramuscu- 
larly with 17 mouse intracerebral LDy’s 
of the Florida Bat $61 preparation of 
virus. Both bats died on the 53rd day 
and no symptoms had been noted before 
death. Both brains were Negri-nega- 
tive; no virus was isolated from the 
brains or salivary glands, nor from daily 
saliva samples. It is assumed that the 
deaths of these bats were due to causes 
other than rabies. 

Two specimens (no. 17, 18) of M. 
lucifugus were inoculated intramuscu- 
larly with 17 mouse intracerebral LDy's 
of the Florida Bat $61 preparation of 
virus. These animals remained normal 
through the 126th day after inoculation. 
Samples of saliva were collected from 
each bat on the 3rd through the 80th 
days. No virus was isolated from any of 
these samples. These two bats were then 
inoculated with 13,300 mouse intra- 
cerebral L.Dw’s of the Alaska Wolf prep- 
aration of virus. One specimen (no. 18) 
died on the 19th day after inoculation, 
having shown symptoms of irritability, 
circling, and biting at the site of inocu- 
lation. The brain of this bat was Negri- 
negative; virus was isolated from the 
brain but not from the salivary glands. 
The second specimen (no. 17) died on 
the 3ist day after inoculation; no def- 
inite symptoms of disease were noted 
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before death; the brain was Negri- 
positive; and virus was isolated from the 
brain but not from the salivary glands. 
No virus was isolated from saliva sam- 
ples collected daily from each bat from 
the 3rd day until death. 

Five specimens (no. 19 to 23) of E. 
fuscus were inoculated intramuscularly 
with 170 mouse intracerebral LD »w’s of 
the Florida Bat #682 preparation of 
virus. Four bats of this group died on 
the 31st, 38th, 43rd, and 49th days, all 
having shown symptoms compatible 
with furious rabies, including aggres- 
siveness and extreme irritability, within 
24 hours before death. The 5th bat of 
this group died on the 65th day after 
refusing to eat for 5 days and becoming 
progressively weaker. The brain of the 
bat (no. 19) which died on the 43rd day 
was Negri-positive; the brains of the 
other four were Negri-negative. No 
virus was isolated from the brain, sali- 
vary glands, or from daily saliva sam- 
ples from any of these bats. 

Information on the 12 bats which died 
of confirmed rabies infection is tabulated 
in table 1. Those bats dying from rabies 
showed symptoms lasting from 3 to 13 
days. The symptoms consisted of loss of 
appetite, weakness, tremors, irritability, 
muscular spasms, paralysis, biting at 


the site of inoculation, and aggressive- 
ness. Negri bodies could not be demon- 
strated in the brains of 5 of the 12 bats 
dying of rabies. In one case Negri bodies 
were present in the brain but virus could 


not be recovered. Three of these 12 
bats had demonstrable virus in the sali- 
vary glands. 

Attempts to establish a pattern of 
appearance and persistence of virus in 
the saliva failed except in the case of 
one bat. Two of the bats which showed 
virus in the salivary glands died before 
it was known how much handling they 
would tolerate; therefore collection of 
saliva was not attempted. The saliva of 
the third bat (no. 11), which had virus 
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TABLE 1.—Experimental 


Route 
of 
inocu 
lation 


Day 
Virus strain and 


Spex 
pecies dosage 


Alaska woll 

14,000 mouse I 
14,000 mouse I 
14,000 mouse I¢ 
14,000 mouse I 
Alaska wolf 

35 ,000 mouse I¢ 
35 ,000 mouse I 
35 000 mouse I 


lucifugus I¢ 
LDw 
LDw 
LDw 
LDw 


10th 
17th 
20th 
21st 


lucifugus It 
luctfugus I 
lucifugus it 

lucifugus IM 
20th 
27th 
33rd 


IM 


lucifugus 
lucifugus LDue 
Florida bat #250 

0.29 mouse IC LDus 
0.29 mouse IC LDus 


luctfugus 
25th 
lucifugus 50th 
Florida bat #61 M, 

17.0 mouse IC LDys 
17.0 mouse IC LDys 


lucifugus Normal 


lucifugus Normal 


thru 126th 


Alaska wolf 
13,300 mouse I¢ 
13,300 mouse It 


lucifugus 
LDw Silat 
M. lucifugus LDyw 19th 


19 E. fuscus Florida bat 682 M,ILi* 


170 mouse IC LD 43rd 


IC, intracerebral 

IM, intramuscular 

* 3 intracerebral and | intralingual passages in mice 

+ Bate no. 17 and 18 remained normal for 126 days after 


inoculated with the Alaska wolf strain 


in the salivary glands at death, revealed 


consistent of virus 


the 14-day 


a fairly presence 
during 


death. 


period preceding 
It was observed that for a given prep- 


aration of virus the period between 
inoculation and death was substantially 
longer in bats than in mice. The Alaska 
wolf material killed mice in 6 to 9 days, 
and bats in 10 to 33 days. Mice inocu- 
lated with the Florida bat strains died 
in 13 to 22 days, and bats died in 25 to 


50 days. Five mouse passages of one 


Florida bat strain did not result in any 


change in the incubation period or in 
the production of Negri bodies. 


Four bats in this series died after 


having been inoculated with rabies 


virus and developing symptoms sugges- 
tive of rabies. Brain smears of all but 
one were Negri negative and no virus 
was isolated from any of the brains or 
salivary glands. The process of auto- 
sterilization™ for these 


may account 


findings. 


13 Rooyen and Rhodes 


Van 1948, Virus Dis 
eases of Man, New York, Thomas Nelson and 
Sons, Pp 287. 


death 
after 
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rabies im insectivorous bats 


of Rabies 


virus 


Rabies 


virus 


Negri 


bodies in 


Days saliva collected 


inoculation 


thru 126th 


ulation with the Florida bat str 


in 
brain 


salivary and presence of v 


brain gland 


28th 
tive 


j2nd, & 33rd. All nega 


$2nd thru 50th 
s7th 


Positive 36th 
$9th, 43rd, 48th, 49th 


ird thru 80th 
jrd thru 80th 


All negative 
All negative 


trd thru 
trd thru 


wth 
18th 


All negative 
All negative 


vere then 


Bats were maintained without diffi- 


culty under the these 


experiments, being introduced to the 


conditions of 
laboratory both from the hibernating 
state and when fully active. Chopped 
meal worms, earthworms, and crickets 
were offered to the bats; all were eaten 
readily. Crickets were fed during most 
of the experiments because they could 
be obtained in large lots from a fish 
bait shop and stored in a refrigerator 
for several days without spoiling. 

The species of bats used in these stud 
ies proved to be tractable. After a few 
days in captivity they become calm, 
somewhat obese, and did not attempt to 
escape. Large areas for exercise did not 
appear 
M 
manner for as long as 157 days, and 
E. 


mens of P 


to be essential. Specimens of 


lucifugus were maintained in this 


fuscus for 65 days, but two speci- 
subflavus died after 53 days 


from nonspecific causes. 


DISCUSSION 


Since the original isolation of rabies 
virus from insectivorous bats in Florida, 


isolations have also been made in Penn 
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sylvania, Texas, California, and Mon- 
tana. The only attempts at quantitation 
(the studies Florida’® and 
Texas") have revealed an impressively 
high infection. Thus it 
would appear that sufficiently efficient 
mechanisms of 


made in 
incidence of 


exist for 
the maintenance of the disease among 


transmission 


form over wide areas. 
which suggest an 
active role for insectivorous bats in the 


bats in endemi 
No records exist 


epidemic form of rabies. Consideration 
of the natural habitat habits of 
these bats would seem to minimize their 
potential 


and 


However, 
since bats constitute part of the normal 


for such a role. 
diet of some carnivores, such as foxes, 
it would be well to investigate the pos- 
sibility of predators becoming infected 


through the ingestion of rabid prey. 


The unusually long incubation period 
in mice of rabies virus isolated from 
bats and the even longer incubation 
period of these strains in bats, suggest 
modification of the virus. One 
would expect such a change to occur 


some 


only after a host-virus relationship of 
long standing. Whether or not insec- 
tivorous bats may recover from rabies 
infection (a observed 


condition occa- 


sionally in vampire bats) was not de- 
termined with the limited 
bats used in this study. 


number of 


SUMMARY 


Insectivorous bats were successfully 
maintained under laboratory conditions. 

These bats proved to be susceptible to 
preparations of rabies virus isolated 
from naturally infected bats and a 
wolf. Infection was produced by both 
intramuscular and intracerebral inocu- 
lation. 

Symptoms displayed consisted of loss 
of appetite, 
tability, 


weakness, tremors, irri- 


muscular spasms, paralysis, 
biting at the site of inoculation, and 
aggressiveness. 

isolated 


The preparations of virus 


from naturally infected bats had an 


unusually long incubation period in 
mice and an even longer incubation 
period in bats. 

Rabies virus was repeatedly recovered 
from the saliva of one bat during the 
two-week period 


the animal. 


preceding death of 


The implications of these findings are 
discussed. 
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It was recently shown that infections 
having all the attributes of experimental 
fusospirochetal infections! could be pro- 
duced regularly in guinea pigs with a 
combination of 17 different organisms 
all culture from a 
guinea pig mixed infection.? Of the 17 
organisms 15 were strict anaerobes and 


isolated in pure 


included streptococci, Bacteroides, spiro- 


chetes, vibrios and other motile rods, 
and nonmotile gram-positive rods, pre- 
sumably diphtheroids; two were faculta- 
tive and included a strain of Strepto- 
coccus mitis and a diphtheroid. 

A 
the ‘‘wheel-plate’’ was employed in the 
[his 


inoculating 


new technique of recombination 


recombination. technique con- 


sisted of a blood agar 
medium with each of the pure cultures 
as a single streak, starting at the edge of 
the plate and finishing in the center in 
such a way that on completion the 
streaks appeared as spokes of a wheel. 
After incubation each streak could be 
examined for evidence of pure growth 
of the inoculated strain and the hub of 
the wheel in euccessful plates contained 
mixed growth of all the organisms. 

In the present study the mixed infec- 
tion has been further investigated by 
deleting organisms from the recombina- 


tions to determine the minimum com- 
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bination capable of eliciting typical 


guinea pig responses. 
1. ELIMINATION OF 
ORGANISMS 


Method 


Wheel-plates were prepared in which various 


NONESSENTIAL 


organisms were omitted, and guinea pigs were 
inoculated with mixed growth obtained by sub 
culture from the wheel-plates following the same 
the of 17 


ganisms previously described.? Each recombina 


procedure as in recombination or 


tion emulsion was inoculated into separate 


groups of four or more guinea pigs, | ml per 


dose. In those instances in which infection re 
sulted, exudate was aspirated (usually from two 
of the four animals) and passed to additional 
the 


infection was carried through four or more pas 


animals in a dosage of 0.1 ml. In this way 
sages wherever possible. The lesions in all guinea 
pigs were scored from 0 to + + + +, according to 
the procedure recorded in table 1 

All guinea pigs were maintained on a diet of 
Purina checker chow supplemented 3 
week with fresh cabbage 


tirne a 


In initial experiments recombinations were pre 
pared in which all strains within a morphologic 
group were omitted.* Subsequently individual 
strains within groups which appeared essential 
were omitted, The system of elimination of organ 
isms was designed to give at least one confirming 
experiment where a group or an individual or 
ganism appeared in a first experiment to be in 
dispensable 

The results for 


transmissibility 


were evaluated by analyzing 


two attributes, infectivity and 


Infectivity was considered to depend on the 
ability of the mixed culture to produce infection 
in the first passage. The occurrence of infection 
in passages beyond the first was considered to be 
a measure of transmissibility. For each attribute 


the proportion of typical infections to the total 


* Strain K100, a 


from all recombinations because 


streptococcus, was omitted 


earlier studies 


howed it to be unnecessary.” 
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iumber of animals inoculated in the experimental 
group was compared to the corresponding pro- 
portion in a control group. The control for this 
purpose was a group of 60 animals inoculated 


with the total recombination mixture in three 


separate experiments? 


Results 


The results are tabulated by groups 
arranged alphabetically as shown in 
table 2.* The findings in groups A to C 
inclusive suggested that spirochetes, 
cocei (six strains) and fusiforms could 
be omitted without interfering with the 
the 


infection as judged by the proportion of 


infectivity or transmissibility of 
typical infections in each group. The 


findings for these three groups were 
confirmed in subsequent groups, i.e., 
N, QO, and W. In only one 


group was there apparent conflict with 


groups J, K, 


this result, i.e., group G, in which there 


appeared to be a significant loss in 
transmissibility. In view of the repeated 
confirmations this discrepancy was re- 
garded as not significant and possibly 
related to fluctuation of the numbers of 
organisms in the constant volume inoc- 
ulums. 

The results in groups D to F sug- 


gested a need for representatives of the 


t The method did not take into consideration 
the severity of infection as indicated by the 
scoring + to +++ -+, but analysis of the results 
of inoculating 134 guinea pigs with unpurified 
exudate indicated that there was no significant 
relationship between the occurrence of failures 
(0, +) and the severity of the the infection from 
which the inoculum was derived in the range + 


to +++¢4 


develop infection when inoculated with exudate 


Thirty-eight guinea pigs failed to 


from localized lesions as against 61 which de- 
veloped typical infection. Using exudate from 
spreading lesions, 8 guinea pigs failed to develop 
infection and 27 developed typical infection. 
Chi-square for 1 degree of freedom = 2.1. 

* The probabilities of differences between ex- 
perimental and control proportions are based on 
the exact binomial or in larger samples are de 
rived from chi-square adjusted for continuity 
and symmetry, 


gram-positive rods, the motile rods, and 
the Bacteroides. In groups H to J the 
three strains of Bacteroides were omitted 
singly, along with spirochetes and cocci. 
Losses in infectivity and transmissibility 
occurred in the absence of either of 2 
strains (K110, K92) but not in the 
of the 3rd (JR6). The dis- 
pensability of the latter was confirmed 
in groups K, N, Q and W. 

Among the 3 strains of gram-positive 
rods, strain JB3B appeared to be dis- 
pensable (group N). Omission of JB3A 
(group M) seemed to result in a loss of 


absence 


transmissibility, but this finding was 
not in groups Q and W. 
Omission of JR3 (the facultative diph- 
theroid) affected transmissibility (group 
L). When JR3 was omitted from wheel- 
plates with smaller combinations than 
K110 (Bacteroides 


nigrescens) consistently failed to grow. 


confirmed 


in group L, strain 
By cross-streaking these 2 strains it was 
found that K110 grew as a satellite of 
JR3. The 


“growth factor’’ for strain K110 was 


need for an unidentified 


reported previously.? Cross-streaking 
strain K110 against all of the strains 
disclosed that in the presence of strains 
JR3, JR4, JRS or JS9, strain K110 
grew well. It was found to grow poorly 
in the presence of strain JB3B and not 
at all with any of the other strains. It 
therefore appears that one function of 
strain JR3 in the mixed infection was to 
support growth of strain K110. 
Omission of the two strains of motile 
rods singly in groups O and P suggested 


that both were needed for typical in- 


feetions. However, in subsequent com- 
binations of the remaining five strains, 
four at a time, it was shown that one 
of them, JV5, could be omitted without 
evidence of change in infectivity or 
transmissibility. 

Trial of all possible combinations of 
three of the four apparently essential 





EXPERIMENTAL FUSOSPIROCHETAL INFECTION 17 


-organisms confirmed the above results. 
No infection developed in any of two 
groups of five guinea pigs each, inocu- 
lated with a combination in which one 
or other of the Bacteroides strains were 
the 
(K80) resulted in typical infection in 


omitted. Omission of motile rods 


the first passage (all of 5 animals) and 


no infection in the second passage (9 


guinea pigs) 

The results of these elimination stud- 
that a 
not less than four organisms was essen- 


ies suggested combination of 
tial to the production in the guinea pig 
of mixed infection comparable to the 
infection 


‘‘fusospirochetal”’ produced 


with 17 organisms. The four strains 
included two 
strains of Bacteroides (IK110 and K92), 
(K80) 


and a facultative diphtheroid (JR3). 


apparently essential 


one motile gram-negative rod 


2. COMPARATIVE 
THRE! 


PATHOGENICITY OF 
RECOMBINATION MIXTURES 


On the basis of the above findings it 
was postulated that a combination of 
the four apparently essential organisms 
should produce infection in guinea pigs 
that 
by the total group of 16* strains; and 
that the total the 4 


essential non- 


indistinguishable from produced 


group without 


organisms should be 


pathogenic. This hypothesis was tested. 


For convenience the three recombina- 
tions above are referred to as ‘‘four’’ 


‘ 


(the essential 4, see table 2), ‘‘sixteen”’ 


(for total) and “‘twelve’’ (total less the 


essential 4 strains). 


Method 


Wheel-plates were prepared for the ‘‘four’’ 
group and the “twelve’’ group. The wheel-plate 
growth was emulsified in glass tissue grinders 


and subcultured as unstreaked drops to fresh 


* Strain K100, a streptococcus, was omitted 
from all recombinations, because earlier studies 


showed it to be unnecessary. 


blood agar in each instance, The growth from 12 
drops of each was emulsified in 6 ml of broth 
Three ml of the resultant emulsion of “four” 
were mixed with 3 ml of the emulsion of “twelve.” 
This procedure mechanically reconstituted the 
total group of 16 organisms and was labelled 


“‘sixteen."’ Three ml of the remaining “four” 
emulsion were emulsified with 3 ml of an emul 
sion of sterile blood agar and broth prepared in 
emul 


the same way as the ‘four’ and “twelve"’ 


sions. A similar mixture was prepared from the 


net result of this method of preparing the recom 


“twelve” emulsion and a sterile emulsion 


bination mixtures was that the “four” and “six 


teen" recombinations contained equivalent 


amounts of the recombination of the 4 appar 


ently significant organisms; and the “twelve” 
and “‘sixteen’’ recombinations contained equiva 
lent amounts of ‘‘twelve’’—the fraction presumed 
to be nonpathogenic. In addition, the 3 recombi 
nation mixtures contained equivalent amounts of 
blood agar and broth 

Three groups of 5 guinea pigs matched for 
weight (300 to 360 g) were inoculated with the 
recombination mixtures, each animal receiving 1 
ml of the appropriate emulsion subcutaneously 
The animals were randomized in the 


Their 


condition was recorded daily by one of us (J BM) 


in the groin 


cages and their positions changed daily 


who did not know to which group any of the ani 
Where 


aspirated from appropriate lesions on or before 


mals belonged possible, exudate was 
the 7th day and passed to fresh animals in a 
dosage of 0:1 ml. This procedure was repeated 


through additional passages as shown in table 1 
Results 


Typical and indistinguishable ab- 
cesses developed in all 5 animais inocu 
lated with 


tion) or “four” 


‘sixteen"’ (total recombina- 
(minimum pathogenic) 
recombination (table 1). The abscesses 
walled off and contained 


were well 


abundant thin, creamy, foul smelling 
exudate, yellow or grey-brown in color. 
the 


hematoxylin 


Sections from walls of abscesses 


stained with and eosin 


disclosed a picture of acute necrotizing 
inflammation with a well-defined border 
between granulation and necrotic tissue. 
Animals inoculated with ‘‘twelve’’ (pre- 
sumed nonpathogenic) fraction in each 
only small fibrotic 


case developed 
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LABLI 


Inoculum "16" Group 


1 mi cult. mash +*, +°, + 
i ml exudate +, +, ++°, +4 
i mil exudate + tte ++ 
3 ml exudate 
4 ml exudate 
5 ml! exudate 
i m! exudate 


small nodular lesion; tittle or no exudate 


+, less than 1 inch localized abscess, 
+ +, localized abecess 1 inch ot more in diameter 
: ie ie i 
++ + +, spreading infection fatal in 7 days or less 
Fach symbol represents | guinea pig 
* Exudate used for passage 
16.”" total recombination 
4.” presumed pathogenic fraction 
12,"" presumed nonpathogenic fraction 


nodules with no exudate. Passage to 


additional animals therefore was not 
possible within this group. 

Typical abscesses developed in all 8 
animals of the 2nd and 3rd passages in 
the ‘‘sixteen”’ group and in 5 of 8 guinea 
pigs in the “four’’ group. There was an 
apparent decrease in infectivity of the 
exudate used for 3rd passage inocula- 
“four” 


tion in group (only 1 typical 


abscess in 4 animals), but typical ab- 


scesses and also spreading lesions oc- 
curred in 4 subsequent passages of the 
“four” group (table 1). 

\ll exudates were examined by dark- 
field. In 
from 


the case of exudates derived 
the 
fusospirochetal 


“sixteen” appearance was 


typical of material ; 
those from ‘four’ disclosed only rods, 
Eexu- 
dates from 10 animals in various pas- 


most of which were nonmotile. 
sages of the “‘four’’ recombination were 
streaked on blood agar and incubated 
and for 7 


aerobically anaerobically 


days. In every instance the original 4 
organisms (strains K110, K92, JR3 and 
K 80) were recovered without evidence 


of contamination. 


DISCUSSION 
The 


and 


distinction between infectivity 
the 


to produce infection in the 


transmissibility on basis of 
capacity 
first as opposed to subsequent passages 


is in a sense artificial. The first passage 


+ ++ 


localized abscess with extension; not fatal in 7 days 


Pathogenicity of different recombination mixtures in guinea pigs. 


" Group "12" Group 


was suitable for measuring infectivity. 
Under the conditions of these experi- 
ments, transmissibility was a measure 
of the capacity of the infective agents to 
persist in the exudate, i.e., a measure of 
the retention of Thus the 
results in table 2 suggest that in certain 
differed 


first and subsequent passages. Discount- 


infectivity. 


instances infectivity between 
ing the instances in which individual 
experiments appeared to be in conflict 
with the over-all results (groups G and 
QO), it can be seen that omission of 
either JR3 or K80 resulted in a loss of 
infectivity (transmissibility) beyond the 
first passage, whereas in the first pas- 
sage typical infection did occur in the 
absence of either of these organisms 
The JR3 as noted is 
apparently directly related to the main- 


role of strain 
tenance of strain K110. The role of strain 
K80 in maintaining infectivity is not 
known, 

The final experiment offers convincing 
evidence that only a small fraction of 
the complex mixed flora is required to 
produce typical infections and that the 
majority of the organisms play no es- 
sential role. The findings in the first 
passage in this experiment (table 1) are 
the only ones which are strictly com- 
parable. The inoculum in each of the 3 
groups (pathogens versus total, and 
total versus nonpathogens) were made 


equivalent in respect to bacterial con- 
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tent and the findings are clear-cut. 
Infection developed in every animal 
where the pathogenic quartette was 


present in the inoculum and in none of 5 
) 


animals where only the remaining 1 
organisms were injected, Direct com- 
parisons beyond the first passage are 
hazardous because no data are yet 
available concerning fluctuations in bac 
terial count from exudate to exudate. 
Chere is therefore no assurance that dos- 
age in terms of numbers of viable organ- 
isms was comparable beyond the first 
passage. Nevertheless, the results dem- 
onstrate further that transmissible in- 
fection indistinguishable from unpurified 
fusospirochetal infection can be produced 
with a combination of only 4 of the 17 
organisms composing the total flora of 
this particular exudate. 

The minimum combination of or- 
ganisms capable of eliciting typical 
‘“fusospirochetal’’ responses in the 
guinea pig as shown in these studies is 
not necessarily the only combination 
which would be effective. For example, 
it 1s possible that one or other of the 4 
organisms found to be significant could 
be replac ed by one ofr other of the seV- 
eral strains of cocci or by the spiro- 
chetes. That interchange of certain of 
these organisms might be possible is 
suggested by the observation that sev 
eral of the organisms produce the 
“growth factor’’ required for strain 
K110. 

The striking finding in these experi- 
ments is that infection can be produced 
with a combination of organisms devoid 
of both spirochetes and fusiforms. Like- 
wise, cocci and vibrios were nonessen- 
tial in this instance, although repre- 
sentatives of all of the above 4 types 
were reported necessary by both Smith’ 
and Proske and Sayers.‘ On the other 


3. Smith, D. T. 1930, J. Infect. Dis. 46: 303-311 


4. Proske, H. O. and Sayers, R. R. 1934, Pub 
Health Rep. 49: 839-858; 1212-1217 
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hand, Kritchewski and Seguin® reported 
that typical infections in the guinea 
pig resulted from combinations of 
spiro hetes, fusiforms either a 
greening streptococcus or a white staph- 
The divergency of these 
results supports the view that these 
mixed infections may be nonspecific in 


and 


ylococcus. 


a bacteriologic sense. The uniformity of 
the lesions produced from a variety of 
sources does suggest, however, a bio- 
chemical specificity—a need for a partic- 
ular combination of metabolites, toxins 
or enzymes not produced by any one 
organism. 


5. Kritchewski, B. and Seguin, P 
di Stomatol. 22: 41; 613-647 


1920, Rev. 


SUMMARY 


The pathogenicity of an experimental 
fusospirochetal exudate has been in- 
vestigated in terms of the minimum 
combination of organisms capable of 
producing typical guinea pig infections. 
From a total of 17 organisms isolated in 
pure culture, only 4 were required to 
produce typical lesions. The 4 essential 
organisms included 2 strains of Bacte- 
roides (one of which was identified as 
Bacteroides nigrescens), a motile gram- 
negative anaerobic rod and a diph- 
theroid. Spirochetes, fusiforms, vibrios 
and anaerobic streptococci were found 
to be nonessential. 





SUSCEPTIBILITY TO INFECTION AS INFLUENCED BY AC. 
CLIMATIZATION TO ALTITUDE AND KREBS CYCLE 


INHIBITORS AND 


INTERMEDIATES 


L. JOE BERRY* 


From the Department of Biology 


Exposure of mice to simulated high 
altitude of about 20,000 feet for a period 
of 3 weeks renders them more suscep- 
tible than normal control mice to artifi- 
cially induced infections with Salmonella 
typhimurium.' No experimentally de- 
tectable differences in either the cellular 
or the humoral defense mechanisms, 
however, could be found to accompany 
adaptation to altitude. It was postu- 
lated that the greater susceptibility of 
such mice was due to an undetected and 
unspecified type of alteration in metab 
olism. 

In order to test the 


suggestion that host metabolism modi- 


the validity of 


hes response the survival 


with S. 
typhimurium was compared to that ol 


to infection, 


time of normal mice infected 


mice similarly infected and then given 


a series of injections of compounds 
the 


Intermedi- 


known to inhibit certain 


steps in 
tricarboxylic acid cycle?* 


ates of the cycle also were employed. 
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Under the conditions of the experi 


ments, several of these compounds 


decreased survival time significantly be- 
that 


tions with bacterial pathogens other 


low of control animals. In infec- 
than the organism of mouse typhoid, 
injections of at least one of these sub- 
stances, but not always the same, killed 
the animals more quickly than infec- 
tion alone.‘ 

The present report is concerned with 
the comparative sus eptibility of alti- 
tude mice and of normal mice, infected 
with either S. typhimurium or Dtplococ- 
cus pneumoniae, and then injected with 
inhibitors or intermediates of the Krebs 
cycle. 

METHODS 

Mice were subjected to simulated altitude of 
about 20,000 feet according to the method previ 
ously described.’ They were exposed for a period 
of 3 weeks immediately prior to infection 

Mice were infected intraperitoneally with 0.5 
ml of a saline suspension of S. typhimurium con 
250,000 cells 


immediately before use by appropriate dilution 


taining about This was prepared 


of a 15-hour brain heart infusion broth (Difco) 
culture. In those experiments in which mice were 
infected with pneumococci, the suspension was 
prepared by diluting a 15-hour blood broth cul 
ture of D. pneumococci (SV-1) 1:10,000,000 with 
nutrient broth. Each animal was injected intra- 
peritoneally with 0.5 ml of the final dilution, ap- 
proximately 50 cells 

Compounds used to artificially “modify” the 


metabolism of mice were malonate 


(kindly 
Company), 


disodium 
(Eastman), sodium monofluoroacetate 
Monsanto Chemical 


(Merck 


reagent), 


supplied by 
sodium arsenite 
citrate (Merck 
(Merck), and 


tiochemical Corporation) 


reagent), trisodium 


disodium succinate 


wdium oxaloacetate (Nutritional 


kach substance was 


1. Berry, L. J., 
1954, J 


Merritt, P. and Mitchell, R. B. 
Infect. Dis. 94: 144-151 
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dissolved in sterile saline so as to give the follow- 
ing sublethal amounts in 0.5 ml of the final solu- 
tions: malonate, 20 mg; fluoroacetate, 0.16 mg; 
0.125 mg; 
20 mg; and oxaloacetate, 10 mg. Since all animals 
weighed 20 g 


arsenite, citrate, 10 mg; succinate, 
t2 g, the dosage per unit weight is 
readily estimated. 

Iwo groups of control mice and 2 groups of 
altitude mice, each consisting of 5 animals, were 
established in separate cages for each of the com- 
pounds to be administered. Altitude mice were 
the 


about | hour prior to infection. A group of ground 


removed from decompression chambers 


level mice and a group of altitude mice were in 
fected intraperitoneally and immediately there- 
ifter injections of metabolic inhibitor or inter- 
mediate were begun. Similar injections also were 
administered to the 2 uninfected groups which 


served as toxicity controls. Animals given 


malonate, citrate, and succinate were injected at 
hourly intervals tor a total of 8 injections. Those 


receiving oxaloacetate were injected every 2 


hours Phe second in 
the 


first, and the third, 14 hours after the second 


for a total of 4 injections 


jection of arsenite was given 1 hour after 


Iwo injections of fluoroacetate were adminis- 
tered, the second following the first by 6 hours 
One group of ground level mice and one group of 
altitude mice were infected along with the other 
groups and were given hourly injections of 0.5 ml 
of sterile saline for a total of 8 injections. These 
the 


abundant evidence to prove that the course of 


served as controls for infection. There is 
the infection is not significantly altered by re 
peated injections of saline 

[hree separate experiments were carried out 
with each of the two pathogens. Female CF 1 


mice were used throughout 


RESULTS 


1. Comparative effect of inhibitors and 
intermediates of Krebs cycle on survival 
time of altitude mice and ground level 
mice infected with S. 


lable 1 


separate 


typhimurium. 

the results of 3 
Attention 
rected to the fact that altitude mice are 


summarizes 
experiments. is di- 


more susceptible than ground level 
mice to S. typhimurium, as shown by the 
row designated ‘“‘saline."’ This confirms 
previous results.’ At 144 hours postin- 
fection, beyond which no deaths oc- 
curred, only 1 of 15 altitude mice and 


9 of 15 control mice survived. This is 


BERRY 


mice* 
following intraperitoneal infection with 250,000 
cells of S. typhimurium followed by a 
jections of inhibitors or intermediates 


LABLE 1} Mean survival time in hours of 


series of in- 


of the citrix 
cycle. (Estimated standard deviation = 41.2) 


At ; 
ground Altitude 
tome effec t 
N 


(A 


Inhibitor or 
intermediate 


Total 
means 


At 
altitudet 


Malonate ‘ 75 
Succinate 76 
( urate 91 
Fluoroacetate 43 
Oxaloacetate a4 
Arsenite} 109 
Saline 128 
Total Means 74 


65.0 20 .2 
54.0 24.3 
68.7 45.2 
2.9 0.8 
67.8 $4.3 


112.0 $2.7 
65.6 17.2 


Nene een 


* 5 mice used in each of the 2 arsenite groups. 151 
in each of the other 12 groups. These 15 mice are 
bination of 3 separate experiments each with 5 mice 

? Mice kept at stimulated 20,000 feet for 3 weeks 
to infection 

t Values for arsenite not included in total 
analysis of variance (table 2 


ce used 


i com 
prior 


mear nor in 


significant at less than the 0.01 level, as 
determined by the rank order test of 
White.® In calculating the mean survival 
times of the animals in all groups, those 
surviving the infection were considered 
144 


This becomes meaningless in absolute 


to have survived for only hours. 
terms only in the case of the ground 
level ‘‘saline’’ controls but for statistical 
purposes it represents the least favor- 
able condition for calculating sigrificant 
all 


more than one animal survived and the 


differences. In other groups, no 
error represented is, therefore, compara- 
tively small. It should be noted, how- 
that the the 


ground level animals is longer than has 


ever, survival time of 
been the case in earlier work,® suggesting 
that the culture of S. typhimurium has 
undergone a decrease in virulence. This 
is further borne out by the longer sur- 
vival times seen in mice injected with 
certain ones of the 6 compounds listed, 
compared with reported data.* 

Further study of table 1 reveals that 
for mice exposed to altitude the mean 
survival time is significantly less than 
that for mice kept at ground level when 
5. White, C. 1952, Biometrics, 8: 33-41 
6. Berry, L. J. and Mitchell, R. B 

Infect. Dis. 95: 246-259. 


1954, | 
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all groups are combined (57 hours ver 
sus 74.2 hours). This is consistent for 
all compounds employed (P <0.001 by 
analysis of variance). It is seen also that 
considerable variation in survival time 
the altitude 


These differences are statisti- 


occurs among different 
groups. 
cally significant as shown by analysis of 
variance (P<0.001). The last 
of table 1 that the 


altitude is not apparently the same with 


column 
denotes effect of 
each of the groups injected with one of 
the compounds. This variation is statis- 
the 0.05 


level and may be tentatively accepted 


tically significant at about 


as a valid characteristic of adaptation 
to altitude 
Besides the 


knowing that 


the different 


groups 
given substances vary in 


general, it is desirable to assess this 


variation more carefully. Excluding ar- 
senite (for reasons revealed by the data 
in table 3) and using a multiple range 
test,’ it is found that, with a significance 
of 0.05, (1) both at ground level and at 
altitude the saline group survives longer 
than all other groups, and (2) at ground 
level but not at altitude the fluoroace- 
tate group survives for a shorter time 
than the group given oxaloacetate. The 
other groups do not differ significantly 

the effect of altitude, 


it is found that injections of oxaloace- 


In evaluating 


tate, citrate, saline, and arsenite each 
vield, according to the ¢ test, signifi 
cantly shorter survival times in altitude 
mice than in ground level mice. The re 
maining compounds do not give signifi 
cant differences in this respect 


2. Comparative effect of inhibitors and 
intermediates of the Krebs cycle on sur 
vival time of altitude mice and ground 
level mice infected with pneumococci 

Table 2 presents the combined results 
of 3 separate experiments. As shown by 


7. Duncan, D. B 
of Statistics, Va. Pol 
burg, Va 


1952, 


Tech 


tec hi i 


Rep no. 6, Dept 
Inst., Black 


PABLE 2.—Mean survival time in hours of mice* 
following intraperitoneal infection with about 50 
cells of D 


of injections of inhibitors or 


curt acid cycle E 


pneumoniae (SV-1) followed by a serte 


intermediates of th 
timated standard 


deviation = 17.8 


At 
altitude? 
\ 


M nate 1 1.8 
7 inate 6 44 4.2 

trate 4 sO 1.4 
Ftuoroa etate 5 ‘ 6 , 4 5 
Oxaloa etate 74 ~ . 7 ? 
reenite 4 4] 6.2 
Saline 53 s9 in.1 
Total Mear 41.5 44.8 1.6 


ce used in eact 15 mice 


15 mice are a 


f the two arsenite groups 
sed in each of the other 12 group T hese 
ombination of three separate experiments each with 

mie 

t Mice kept at t 


slated 20.000 leet w 3 weeks prior 


analysis of variance, the differences ob 


tained among the several treatments 
listed in the first column of table 2 are 
(P <0.001 The 
standing observation is that of malonate 
at altitude Here the 


time is significantls 


significant one out 


mean survival 
than for an. 


13 groups By 


lower 


of the other use of the 


multiple range test,’ it can be stated 


that at altitude, with 


table 3), 


leads to 


treatment 


malonate, arsenite (but see 


fluoroacetate, or succinate 


significantly lower survival times than 
treatment 
Similarly 


when 


with saline or oxaloacetate 


the same situation prevails 
ind 


animals are compared with those given 


malonate arsenite injected 


citrate. At ground level, all compounds 


except citrate, when injected lead to 


shorter survival times than saline-i 
jected mice, while those given fluoroace 
tate die significantly than the 
citrate. At 
the 


significantly 


sooner 


group given both altitude 


and ground level, group injected 


has a higher 


than 


with saline 


survival time those given malo 
nate, fluoroacetate, succinate, and ar 
senite 


At altitude, 
than at 


the survival time is 


lower with 


borderline significance (the P value is 


ground level but 
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0.05 or more depending upon the test 


employed). This is not consistent, in 


fact it 


from 


consistent, 
Most 


striking is the rise in survival time of the 


is significantly not 


substance to substance. 
altitude group given oxaloacetate and 
to a lesser extent fluoroacetate as con- 
trasted with the strong fall in survival 
time of the group given malonate. Sig- 
nificant altitude effects occur only with 
the malonate group 

3. Comparative effect of inhibitors and 
intermediates of the Krebs cycle on sur- 
vival time of uninfected altitude mice and 
ground level mice.-Table 3 presents the 
combined results of 4 separate experi- 
altitude 


mice and uninfected control mice were 


ments in which uninfected 
given the same series of injections of 
inhibitors and intermediates as infected 
mice described in the sections above. It 
is apparent that arsenite is much more 
for altitude than it is for 


LOX mice 


ground level mice. By the rank ordet 
test® the difference is statistically sig- 
at the 0.01 level 


significance is 


The same sta- 
the 
susceptibility of altitude mice 


nificant 


tistical found for 


yreater 


injected with malonate even though 


TABLE 3.—-Number of mice surviving at times indi 


cated during and after the administration of a series 
of intraperitoneal injections of inhibitors* 


of the citric acid cycle 


Number of mice surviving injections of 


Time after 
firet in 
jection 


(in hours 


Arsenite 
+ x0.125 me 


Fluoroacetate 
2X0.16 mg 


Malonate 
8 x20 meg 


Alti 
tude 


Nor 
mal 


Alti 


tude 


Nor 


mal 


Alti 
tude 


Nor 


mal 


0 18 ‘1 wo 0 20 20 

5 $5 $1 0 0 1s 19 
10 25 ” w it) 10 19 
a4 25 w 0) 27 ; 19 
+s 25 w wo 27 6 19 
144 25 xO 0 27 6 19 


Response of mice that had been kept at simulated 20,000 
feet for 3 weeks and at atmospheric pressures for about 1 
hour prior to the firet injection is compared with that of 
normal control mice. None of the mice were infected. The 
table presents the combined results of 4 separate experi 
ments 

* Altitude and normal 
uceinate (8 X20 mg 


mice were injected also with 
citrate (8 X10 mg), and oxaloacetate 
4x10 mag) but none of the animals died. There were 20 
mice in each of the individual groups, the combined results 
of 4 separate experiments 
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these animals show a smaller percentage 
Death of the 
mouse given malonate was perhaps due 


mortality. one normal 
to a peritoneal hemorrhage observed at 
This was only the third ani- 
the hundred 


with this substance over a period of 


autopsy 


mal, of several injec ted 


months, to succumb, and in all cases 


death was apparently attributable to 


trauma rather than to malonate toxt 


ity. 
killed the 


altitude mice and only three of the con- 


k luoroacetate none of 
trol animals. This difference is not sta- 
the 
three intermediates, as mentioned in the 
to table 3, 


panied by any deaths of the mice in 


tistically significant. Injections of 


footnote were not accom- 


these groups. 


DISCUSSION 


In 


Various 


order to study more closely the 


interrelationships among in 


jected compounds, altitude, and 
infection, the percentage of animals sur 
viving at 36 to 38 hours postinfection 
was tabulated. Data leading to tables 1, 
2, and 3 were used to construct table 4. 
he effect of inhibitors and intermedi 
the 


mean percent of mice surviving each 


ates was examined by subtracting 
compound, as found in the first 6 rows 
of table 4, from the percent surviving 
saline shown in the last row of the same 


table. Doing this for each column con- 


36 lo 3A 
hours by inhilntor, type of tnfection, and 
altitude. 


TABLE 4.—-Percent of mice surviving at 


Percent of animals in each group surviving 


‘. typ , 

No infection p f 

Inhibitor murium 
hibit 


pneu 
montae 


At At t At At 
alti- ground alti rou ne al ground 
tude level level 


Malonate 06 97 7 0) 
Succinate 100 100 7 7 Ww) 
Citrate 100 100 ] 5 60 
Fluoroacetate 100 90 7 40 
Oxaloacetate 100 100 67 
Arsenite 0 95 2 4 a0 
Saline 100 100 100 
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PaBLe 5.—‘'Inhibitor effect’ 


ith > 


survivis 
roent 
surviv 
ving arsenite 
irviving saline m 
surviving malonate 


i ving aline 


percent surviving int 


g arsenite 


taining ‘‘percent surviving,” the values 


representing “inhibitor effect’’ 


were ob- 
tained as presented in table 5 

It is important to note that this ‘‘in 
hibitor effect,’’ while somewhat en 
there is no 
altitude 


than at ground level in the presence of 
© 


hanced at altitude when 


infection, is much larger at 
typhimurium and D. pneumoniae, ex 
the 


cep! ill 


presence of arsenite alone 
Thus the effect of this substance € appears 
to be dependent upon the results of the 
stress alone and not the 
altitude 


If the effects of alti 


hypoxi upon 


combination of and 


infection 
(row 2 of table 5 
due and inhibitor were simply additive, 
the altitude minus ground level values 
uninfected mice should 


obtained from 


be the same as those obtained from in 


fected ones, with 


When the 


pec tation, it 1s 


as it was arsenite 


result is contrary to this ex 


indicative of the exist- 
ence of some kind of interaction which 


leads to greater sensitivity to infection 


than one would expect in the combined 
‘ 


presence ot inhibitors at altitude. This is 


particularly important in the studies 


with malonute, which alone kills about 


one-third of the altitude mice but 


sig 
nificantly more than this when they are 
ifected, particularly with pneumococci 
\ test of the statistical significance olf 
A rough 
test was possible and indicated the re 
sults were of 
(P about 0.05 


the above is difficult to apply 


borderline significance 


with respect to the first 
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at altitude and at ground level with no infection and with infection 
5. typhimurium and with D. pneumoniae (SV-/ 


S. typhimurium D. pneumoniae 


At 


At ground 


At 


altitude 


table 5. The other 


rows did not provide significant findings 


and third rows of 


These observations support the con 
cept that mice undergoing acclimatiza 
tion to altitude experience a change in 


metabolism, at least to the 


extent oft 


git-ater sensitivity to certain poisons 
Such mice also respond differently from 
ground level animals to artificially in- 
duced infections with and without sub 
sequent 


injections of metabolic 


inhibitors and intermediates. The ex 
tent to which the two types of observa- 
tions is related 


causally remains for 


future investigations to determine 


SUMMARY 


l Groups ol ( | 1 
had been exposed to simulated altitude 
ot 20,000 teet tor 


of ground level mice were infected in 


female mice that 


3 weeks and groups 


traperitoneally with Salmonella typhi 


murium Immediately 


thereafter, 

series of injections either of one of sev 
the 
Krebs cycle or of saline alone was ad 
Both 


yivel saline sury ived sigriihe antly longer 


eral inhibitors or intermediates of 


ministeret? each group groups 


| 
than the corresponding groups given 


Altitude mice 


shorter 


iy one ol the compound ; 


survived — significantly times 


than ground level mice when they were 


injected with oxaloacetate, citrate, ar 


senite (see below), or saline 


2. In similar groups of mice infected 


with pneumococci, altitude mice wm 
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jected with malonate had a mean sur- 
vival time significantly lower than that 
of any other group. No other differences 
of significance were found between 
altitude and ground level mice. Com- 
parisons between mice given saline and 
those given one of the inhibitors or in- 
termediates, revealed that for altitude 
mice, shorter survival times accom- 
panied injections of fluoroacetate, suc- 
cinate, or arsenite (see below), while at 
ground level only citrate failed to re- 
duce survival time. 


3. Groups of uninfected altitude and 


ground level mice were injected with the 
same substances as the infected mice 
Arsenite killed 14 of 
20 altitude mice and 1 of 20 normal mice 
(P =0.01), indicating that the 


with this substance in infected mice is 


described above. 
results 


due to hypoxic stress alone. This is not 
true for malonate, even though it killed 
13 of 38 altitude mice and 1 of 31 normal 
mice (P =0.01). Injections of fluoroace- 
tate killed 3 of 30 normal mice and none 
of 30 altitude mice (difference not sig 
nificant). All mice survived injections ol 


citrate, succinate, and oxaloacetate. 





THE PREPARATION OF POLIOMYELITIS COMPLEMENT 


FIXING ANTIGENS FROM 
CULTURE 
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BAUMEISTER AND C., 


INFECTED TISSUE 
FLUIDS 


ARDEN MILLER 


From the Hixon Memorial Laboratory and the Department of Pediatrics, University of Kansas 


School of Medicine, Kansas City, Kansas 


The development of methods for pre- 
paring 
antigens has been a major problem in 


satisfactory and easily-made 
the application of complement fixation 
as a diagnostic tool in poliomyelitis. Pre- 
ceding one by 


reports, particularly 


Svedmyr, Enders, and  Holloway,! 
showed that fluids from tissue cultures 
infected with poliomyelitis viruses con- 
tained antigens which were satisfactory, 
although the technical procedures were 
Recently the 


monkey kidney epithelial and HeLa cell 


rather involved use of 


cultures has made it possible to obtain 


fluids containing high titers of polio- 


myelitis virus when cells were infected 


with each ot the three recognized im 


munologic types. This paper reports on 


studies made in this laboratory to pre 


pare antigens from fluids derived from 


tissue cultures infected with several 


strains ol poliomyelitis viruses 


MATERIALS AND METHODS 


Viruse The following strains of viruse 


were 


used: type 1, Brunhilde and Pizarro;* 2 
Yale SK, Rodgers,* and Brooks 


Saukett, Mabie, Eberly, 


type 
3, Leon 
ach of 


type 


and Dolislager 
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\ided by a grant from the National Founda 
tion for Infantile Paralysi 

* We are indebted to J. F 


Pizarro Rodgers 


Enders for the 


and strains of poliomyeliti 

viruses 

1. Svedmyr, A., Enders, J. F. and Holloway, A 
1952, Complement fixation with Brunhilde and 
Lansing poliomyelitis viruse 


Proc. Soc 


propagated in 
tissue culture Biol. & Med 


79: 296-300 


Exper 


these strains, excepting Rodgers and Pizarro, has 
been studied and reported on previousty.* 
intiserum.—The standard type specific polio 
myelitis antiserums prepared in this laboratory 
under auspices of the Typing Committee of the 
National Foundation for Infantile Paralysis were 
The 
fixing activity 
1:64; type 2, 
serum dilution 1:64." 
Tissue methods 
systems were used in the preparation of antigens 


The 


fluids derived from monkey 


used antiserums contained complement 


as follows: type 1, serum dilution 


serum dilution 1:256; and type 3 


culture Three tissue culture 


earliest studies were made with infected 
testicular implants 
* Later HeLa cell cultures* 
cell 


inoculation of 


grown in Roux flasks 
monkey kidney 
Methods of 


harvest 


and dispersed (trypsinized 


6 


cultures® were used 


tissue cultures time, and treatment of 


Wenner, H. A 
. 1953, 


poliomyelitis viruses. VI 


Miller, C. A 


Immunolog i 


Wilson, 


classification of 


and 


Results of typing by 
neutralization of prototype viruses with anti 
4. Studies from 

trains. Am, | 


serum for the unknown strain 
the University of Kansas 
Hyg. 58: 52-80 
Wenner, H. A., 
and Wilson, J. ¢ 


ardization of antiserums prepared 


on 67 


Miller, C. A., Kamitsuka, P 
1954, Preparation and tand 
with the 
three known types of 
\m. J. Hyg. 59: 221-2345 
Miller, ¢ A. 1953 


virus 


poliomyelitis viruse 


Growth of poliomyeliti 


in large stationary cultures. Proc. So 
Exper. Biol. & Med. 82: 450-454 
Scherer, W. F., Syverton, J. 1 


G. O. 1953. Studie on the 


and (se 
propagation in 
viruses. IV. Viral multi 


train of human epithelial 


tro of poliomyeliti 
plication in a stable 
cells (strain HeLa 
moid carcinoma of the cervix. ] 
97: 695-710 


Youngner 


derived from an epider 


I x per Med 


J. S. 1954, Monolayer tissue cul 


tures. I. Preparation and standardization al 
uspensions of trypsin-dispersed monkey kid 
Proc. Sox Biol. & Med. 85 


ney cell 


7.905 


I xper 
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fluids containing poliomyelitis virus are described 
in detail later in this paper 

The complement fixation test.—Tests were per 
formed using the plate method described by Ful 
ton and Dumbell, with modifications,’ All anti 
gens were tested in ‘box titrations," using serial 
twofold dilutions of antigens and serial twofold 
dilutions of serum. Examples of box titrations 
using three antigens prepared from the Brunhilde 
strain of poliomyelitis virus are shown in table 1 
Preliminary titrations of complement were done 
in the presence of antigens. In the test proper, 
two 100% units of complement were used. Anti- 
56 C Anti- 
serums were heated for 20 minutes at 60 C. Anti 
gens and antiserums, as well as oiher reagents, 
were diluted with veronal buffer.’ The hemolytic 
system consisted of equal parts of a 0.4% sheep 
red blood cell suspension and a 1: 2000 dilution of 


gens were heated at prior to use, 


antisheep hemolysin containing between 6 and 


8 hemolytic units. The hemolytic system was 
incubated for 1 hour at 37 C prior to use in the 
test. 

Appropriate mixtures of serum, antigen, and 
complement were made on the plate and incu 
bated in the refrigerator (4 C) overnight. A 
second complement titration was done in the test 
proper. Following incubation at 4 C, plates were 
removed and allowed to stand at room tempera 
ture for 10 minutes. Then the hemolytic system 
was added and the test system incubated at 37 ¢ 
for 30 minutes. The plates were then removed 
from the incubator to room temperature. After 
standing 10 minutes, each 


plate was tapped 


gently to bring eccentric red blood cells into a 
button at the center of the drop. Readings were 
made on an illuminated frosted glass and re 
corded as 0, 1+, 2+, 34, or 4+, 0 indicating 
complete hemolysis and 4+ indicating no hemo 
lysis. The highest dilution of antigen or anti 
giving 24 
serum or antigen end point titer. Antigen, serum, 


serum fixation was considered the 
cell, and hemolytic controls were included in each 
test, 


Dumbell, K. R. 1949, The 
serological comparison of strains of influenza 
virus. J. Gen. Microbiol. 3: 97-111 

S. and Wenner, H. A 
1953, An apparatus employed in plate com- 
plement fixation tests. J. Lab. & Clin. Med 
42: 655-656 

Mayer, M. M., Osler, A 
Heidelberger, M 
of magnesium and other cations on the hemo 
Med 


7. Fulton, F. and 


Morgan, P., Carter, J 


G., Bier, O. G. and 
1946, The activating effect 


lytic function of complement. J 
84: 535-548 


Exper 
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RESULTS 
Concentration of antigens by ultrafiltra- 
The 


made with a concentrated type 1 polio- 


lion. results of a box titration 


myelitis virus (Brunhilde) antigen ap- 
table 1, part A. Other 
this general pattern 

uniformly. A 


pear in tests 


followed rather 
summary of results ob- 
tained in tests, many in replicate, with 
concentrated antigens representing the 
three immunologic types of poliomye- 
litis viruses appears in table 2. 
Satisfactory complement-fixing anti- 
gens were prepared by the candle ultra- 
filtration method described by Svedmyr 
et al.' Roux flasks containing satisfa 
tory outgrowths of fibroblasts derived 
monkey testes were em- 
ployed. Approximately 1000 TC1Dy5o's of 
virus were inoculated into a culture con- 


from minced 


medium. Growth 
curves for Brunhilde, Yale SK, and Sau- 


kett viruses reached maximum infectiv- 


taining 75 ml of 


ity titers of 10-* to 10~ (in testis tissue 
flask cultures) at 9-day harvests.‘ The 
following strains of poliomyelitis viruses 
were used: Brunhilde (type 1), Yale SK 
(type 2), and Leon and Saukett (each 
type 3). Fluids containing virus were 
harvested at 3-day intervals from about 
the 6th toabout the 12th day after ino 

ulation. The fluids were stored in a dry 
fluids containing 


ice chest. Eventually 


the same virus type were pooled and 
concentrated 100 to 600 times by ultra- 
filtration. 


Satisfactory antigens were prepared 
with each of the four strains of viruses 
used. The antigen titers achieved were 
usually sufficient to permit a 1:4 dilu- 
tion of antigen for use in the standard 
complement fixation test. The serum 
titers using diluted antigens prepared 
by ultrafiltration the 
time workable although not necessarily 


were deemed at 


optimal. 
It was considered that weak responses 


were caused perhaps in pooling fluids 
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TABLE 1 r 


mple atio 
Antigen omplement hxation 


dilution 


i] 16 32 o4 


A 


Grown 
2 
4 
“« 
16 
42 
64 
Serum 
control 


4 
? 


4 5 1 
2 1 


4 
4 
4 
1 


0 
0 


1.75 units complement in the teat 
B. Gr 
‘ 2 
4 4 2 i 


1.75 units complement in the test 


C. Grown in dispersed monkey kidney cells 
4 


4 


4 
‘ 4 
4 
t 0 


16 
Serum 


ontrol 
/.0 unite 


complement in the test 
that contained varying amounts of anti- 
gen. Accordingly, a single experiment 
was designed in which fluids were har- 
vested from separate bottles on days 3, 
6, 9, and 12. Yale SK, a strain of type 
2 poliomyelitis virus, was used. The con- 
centrated fluids prepared from the fluid 
harvests were unreactive until sometime 
between the 6th and 9th days, when an 
antigen titer of 8 and a serum titer of 64 
were obtained. Unforunately, the 12th- 
day fluid was anticomplementary 
Antigens derived from HeLa cel! type 
cultures.—The observation that certain 


il 


strains of poliomyelitis viruses react 


raBLe 2.—Summary co; 


serum diluti« 


28 


wh in HeLa cell tiseve culture. Two-day harvest 
? 


x titrations with Brunhilde antizens and type I antiserum 


m 
Antiger 
contro 


Antigen 


256 Si2 1024 amaay 


in monkey testicular tissue concentrated 200 times by ultrafiltration 
4 ' 0 


: 0 
0 
0 


0 
0 
0 
0 
0 


Cell control 4+ Hemolytic control 0 
unmodified 

0 

0 

0 


i 0 


Cell control 44 Hemolytic control 0 
Two-day harvest, unmodified 
0 0 
1 0 0 
; 0 o 

0 

0 


Cell control 44 Hemolytic control 0 


TGs values between 10°* and 10>° in 
HeLa tubes 
prompted us to try such infected fluid 


trypsinized stationary 
as antigen in the complement fixation 
test. Pilot studies were done with fluids 
derived from HeLa cell type cultures in- 
fected with several poliomyelitis virus 
strains. Variable results were obtained; 
some strains provided complement-fix 
ing antigens, but some did not. Experi 
ments were then designed to determine 
optimal times of harvest 

HeLa cells were grown in test tubes 
containing 0.4 ml or in bottles contain 
ing 8 ml of the nutrient medium defined 


results obiained with complement-fixing antigens prepared by 


ultrafiltration 


Harvest 
times 


days 


7,9,12 
7,9,12 
7,9,12 


13 
6 
3 
6 
9 


Leon 


Sau kett 


7,10,13 
10,14 


* Serologic reaction ratio: reciprocal of antigen titer 


t Anticomplementary antigen 


re< 


procal 


Ant titer® 


Heter« 
typ 
react 


Times Antigen ti 


com titer 


serum titer 
600 


200 
200 


42 4 
32 8 
16 2 


oA 
vA 


0 
0 
0 


100 
100 
109 0 
100 0 
100 8 
100 A‘ 


4 
16 


0 
0 
0 
0 
0 
0 


100 
109 


yw eerum titer 
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by Scherer and Svyverton.® The cultures 
were washed and maintenance medium 
was added, The tubes were then inocu- 
lated with 0.1 ml of 10~' dilution of each 
of severa! virus strains. Bottles were also 
inoculated with 1.0 ml of the same dilu- 
tion of virus. The following strains were 
type 1, Brunhilde and Pizarro; 
type 2, Yale SK, Rodgers, and Brooks; 
type 3, Leon, Mabie, Eberly, and Dolis- 
lager. 


used: 


These strains achieved titers 
ranging from 10~* to 10-* in HeLa cell 
cultures, 

Twenty tubes containing satisfactory 


Hela 


with one of the strains of viruses listed 


sheets of cells were inoculated 
above. Four tubes were harvested daily 
from the 2nd through the 6th day. The 
fluids were studied without any treat- 
ment other than light centrifugation. An 
example of a box titration with Brun- 
hilde antigen appears in table 1, part B. 
Some variation was found in regard 
to time of harvest of antigen for optimal 
activity. Cultures infected with type 1 
viruses gave good antigens in fluids har- 
vested as early as the 2nd day. Yale SK, 
a type 2 strain, reached an effective 
antigenicity on the 4th and 5th days. 
Leon, a type 3 strain, required a growth 
period of 3 to 4 days. In general, fluids 
harvested on the 4th and 5th days after 
inoculation gave the best results. Eberly 
and Dolislager, type 3 strains, titering 
10°* and 10°* in HeLa cultures, failed 
to show complement-fixing antigenic 
Some of the fluids harvested 


from the Brunhilde, Pizarro, and Rodg- 


activity 


ers strains of viruses were anticomple- 
The 


lost 


mentary when used undiluted. 


anticomplementary activity was 
in two- and fourfold dilutions of antigen 

Poliomyelitis complement-fixing anti- 
gens with antigenic titers of 1:2 to 1:8 
and serum titers of 1:64 to 1:256 were 
obtained in HeLa tissue culture fluids 
infected 


with 7 of the 9 virus strains 


studied. These studies are summarized 


in table 3. Although infected HeLa tis- 
sue culture fluids did not produce strong 
antigens, they were satifactory and type 
the hyperim- 
mune monkey serum. The use of these 


specific with standard 


TABLE 3.—Poliomyelitis-infected HeLa tissue cul 


ture fluids as com plement fixing antigens 


Antigen 
Harvest dilution 
time 
(d 


Antigen 


titer 
Gaays serum 


titer 


Strain Type 


Brunhilde y 0/256 
106 
Pizarro 


Y-SK 103 


Rodgers 


Leon 105 


Eberly 


Dolislager 


HeLa bottle pools 

Pizarro 

Ender's Br 
Brunhilde 

106 

Brooks 

Leon 105 
Mabie 


antigens with human poliomyelitis con 


valescent serum has been described pre- 


viously.'® 


10. Miller, C Anti 


body responses to naturally occurring polio 


A. and Baumeister, |. 1955, 
myelitis infections in children. 2. Studies by 
the complement fixation method. Ped. 15: 
392-401 





PREPARATION OF 


Antigens derived from dispersed mon- 
key kidney cell cultures.—Poliomyelitis 


infected fluids of high titer were pre- 


pared in cultures of trypsin-dispersed 


kidney 
nique described by Youngner and Salk’. 


monkey cells, using the tech- 
The following studies were devised to 
determine the complement fixing ability 
of such fluids. 

Cultures were prepared in 200 ml bot- 
ml of a 1/200 dilution 
(1,000,000 cells per ml) of trypsin-dis- 
persed monkey kidney cells were placed 
bottle. After cell 
had occurred 7 days), 


each culture was inoculated with 1.0 ml 


tles. Twelve 


in each satisfactory 


growth (about 
of virus suspension. Twelve bottles were 
inoculated with each of three strains of 
viruses: Ender's Brunhilde, type 1; 
A dif 


har- 


24 


Brooks, type 2; and Leon, type 3 
bottle of strain 


the 


ferent each was 


vested every 3 hours for first 


TABLE 4 Poliomyelitis complement-fixing anti 


Vonkey kidney ti Auid 


ue culture 


Antiger 


serum 
titer 


oO 
O/8 
oO #8 
o4 
0/12 
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hours, and at daily intervals thereafter 
for 120 hours. Lysis of the cell mass was 
first observed at the 9th hour and was 
not complete until the 24th hour. Fluids 
were used as complement-fixing antigens 
A box titration 


without any treatment 


of a study with Brunhilde antigen ap 
pears in table 1, part C 

Variation in complement-fixing anti- 
the three virus 


Kluids hats 


genic potency among 


strains studied was slight results 
are summarized in table 4 
15 to 18 hours after 


vested inoculation 


showed significant antigenic activity. 
This was 6 to 9 hours after the first ap 
pearance of cell lysis. Antigenic titers of 


1:4 24 to 48 


hours when cell lysis was complete, and 


to 1:8 were obtained in 


remained at significant levels through 
120 Maximal antigen 
1:8 and 1:16 occurred in 24 to 72 hours, 
with maximal serum titers of 1:128 and 
1:256 


monkey kidney 


hours titers ol 


None of the antigens made from 
cultures were anticom- 
plementary. They were all type specifi 
with standard monkey serum 

The most potent 


antigens were pre 


pared by the ultracentrifugation of 
monkey kidney culture fluids containing 
poliomyelitis viruses. Fluids were first 
cleared cold 
19,000 r.p.m. The 
centrifuged at 40,000 r.p.m 


vacuum centrifuge (model L) for 1 hour 


by centrifugation at 


supernatants were 


la Spine 0 


A small gelatinous pellet was present at 


the bottom of each cup. These pellets 


TABLE § ummary of results obtained with 
prepared 


ation 


com plement-fixing antigen 


hy ultracentrifu 


* A prozone effect 
when these potent antige 
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were resuspended in a small amount of 
synthetic tissue culture medium. Com- 
plement fixation tests using these resus- 
pended pellets as antigens gave the 
results shown in table 5. 


SUMMARY 


The poliomyelitis complement-fixing 
antigenicity of infected tissue culture 
fluids is presented. Three tissue culture 
systems were used: monkey testis, HeLa 
cell, and monkey kidney cultures. The 
methods of preparing infected fluids are 


described. 


Fluids derived from monkey testis 


cultures were concentrated by the can- 


dle ultrafiltration method. HeLa and 


monkey kidney culture fluids were un- 
modified. The 
were prepared by the ultracentrifuga- 


most potent antigens 
tion of fluids from monkey kidney cul- 
tures. All 


antigens. The unmodified antigens had 


methods produced usable 

the advantage of being easier to prepare 

than the concentrated antigens. 
Optimal 


production of antigens with these in- 


virus growth periods for 
fected fluids were shortest for monkey 
kidney cultures and longest for monkey 
testis cultures, though other factors, 
such as differences in the amount of 
virus in the original inoculations, prob- 
ably also influenced the optimal harvest 


time. 





LEPTOSPIROSIS CANICOLARIS IN 
PROBABLE TRANSFER TO HUMAN 


PIGS AND ITS 
BEINGS 


J. VAN DER HOEDEN* 


From the Veterinary Institute, Ministry of Agriculture 


In recent years leptospirosis caused 
by the canicola serotype has been found 
to occur with strikingly high frequency 
Israel. A 


data 


in both man and animals in 
collected 
the 


number of cases in human canicola in- 


comparison of recently 


from this country with average 
fections reported from other countries 
indicates a considerably higher morbid- 
ity of this type of infection in Israel (see 


table 1). 


R ported case 


in human beings 


TABLE 1 of cantcola fever 


Number 
per million 
reported 


50 miilion 0.35 
10 mill 0.33 
5 million 0.8 
14 million s 


The frequent occurrence of Leptospira 


canicola infection in dogs in Israel is 
from table 2, 


minimum and maximum figures for the 


evident which shows the 
incidence of specil agglutinin reactions 
for this serotype in dogs, as reported 
from various countries, 

The human cases of canicola fever in 
this country were diagnosed in our In- 
stitute during 31 months, between May 

Received for publication May 10, 1955 


The author is gratefully indebted for the as 
to Dr | 


Institute 


tance which he enjoyed in his study 
Nobel, pathologist of the Veterinary 
Aviv; Dr. M. Landau, Dr. A 
\. Shoshan, di 
Haifa and 
Yarom and Dr 


liberia 


Cupra and 


trict veterinary ofhcers at 


Rehovot, respectively; Ds 
S. Noach, district 
and Haifa 


veterinary ofthecer, and Dr 


huveria 
medical 
rs at respectively; Dr 
Dayan, municipal 
J. Marmoresh 


* Present address: Israeli Institute for Biologi 


ch Ne Ziona 


veterinary surgeon, both at Haifa 


cal Re Israel 


Tel-Aviv, Israel 


2 Percentage of dogs showing 


serotiler 


TABLI 


for Lept canicola 


(Cermany 

The U.S.A 

The Netherland 
Great Britais 
Israel 


1952 and December 1954, by serological 
examination of blood samples from pet 
sons Clinically suspected of leptospirosis 
forwarded from hos 
Pel-Aviv 
Agglutination in titers of 200 or over 


They were mainly 


pitals in the vicinity of 


were taken to be significant. In most 


cases further examination revealed a 


rise of the agglutinin level. As there is 
ample reason to assume that several 
human cases of leptospirosis canicolaris 
are not clinically recognized as such, the 
real incidence undoubtedly has been 
still larger than it appears from the 
official reports or from routine serolo 
gical examinations. 

The Israelian data for dogs were col 
lected in different parts of the country 
by the examination of serums from dogs 
of the army and the police, dogs of 
agricultural settlements and stray dogs 
during 1953 and 1954 

Until recently, the only 
rier of Lept 
reports of canicola infection in other 
In 1952, Yager! 
announced a personal communication 


by Williams 


Starr's publication in 1953*) concerning 


known Cal 


canicola was the dog, and 
animal species are few 


and his associates (see 


26 persons suffering from canicola fever 


in Georgia. All of them had contact 


i. Yager, R. H 
Med. S 
pp. 221-222 

ae 1954, Proc. Pub 
Meeting, Atlanta, Ga., pp. 40 48 


1952 Ss 


Public 


the Lepti 
Wa hington, 8) ( 


Hipusiulm on 


spita 


Health Vet 
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with a swimming pool to which several 
infected dogs had entrance (64% of the 
dogs reacted positive for Lept. canicola). 
But also 3 hogs in a pig sty above the 
pool showed positive agglutination tests 
with Lept. canicola, and a strain of this 
serotype was recovered from the kidneys 
of one of them. No gross pathological 
changes were noted. In Germany Kin- 
dler and Schindler’ obtained positive ag- 
ylutination with the serum of only one 
out of 195 pigs. None of 193 pigs exam- 
ined by Gsell* in Switzerland had Lept. 
canicola antibodies in their blood. Van 
Riel had the same negative results in 
260 pigs in Belgium,® and in 283 pigs in 
the 
Pumarola noted negative canicola ag- 


Belgain Congo. Covaleda and 
glutination tests in 214 pigs in Spain,’ 
Schlossberger and Kreuz in 135 pigs in 
70% of 


serums in the province of Parma, Italy, 


Germany.* Whereas the pig 


reacted with Leptospira icterohaemor- 
rhagiae, Lept. hyos or Lept. australis B, 
no agglutinins against Lept. canicola were 
recorded by Babudieri and Fiorenti.* 
In Israel, besides in man and in dogs, 
leptospirosis canicolaris has now been 
found to occur in cattle, jackals, and 
pigs. Moreover, significant serotiters for 
Lept. canicola were encountered in the 
blood of apparently healthy horses and 
donkeys on farms where the cattle suf- 
fered from this infection. So far we have 
observed 4 outbreaks of leptospirosis 


caused by the canicola serotype in cat- 


3. Kindler, M. and Schindler, R. 
Monatschr. prakt. Tierheilk., pp, 14-19. 

1. Gesell, O. 1952, Leptospirosen, Bern 
van Riel, J. 1952, Bull. Acad. roy 
Belgique, 17: 368-383 
van Riel, J. and van Riel, M 
path exot. 47: 4355-443 
Covaleda, J]. and Pumarola, A 
Parasitol. 14: 3 
Schlossberger, H. and Kreuz, G 
Ztschr. f. Hyg. 140: 433-441 
Babudieri, B. and Fiorentino, M 
Ist, Sup. Sanita, 17: 59-78 


1950, 


de méd. de 
1954, Bull. Soc 
1954, Rev. Ib 
1954, 


1954, R. ¢ 
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tle."° In one settlement where great 
damage was caused to the lifestock, 59% 
of 258 calves and heifers showed high 
agglutinin titers, many «of them increas- 
ing considerably during the period of 
observation. Lept. canicola was cultivat 
ed from a calf with intense jaundice, 
which died after 2 days illness. In 3 of 
the 4 places where leptospirosis canico- 
laris occurred enzootically among cattle, 
there was no indication that dogs had 
been the source of infection. However, 
in the vicinity of these settlements sev- 
eral jackals were found infected by Lept. 
canicola, eliminating the germ in their 
urine."'? So we came to the conclusion 
that the jackal plays an important part 
in the epizootiology of bovine lepto- 
spirosis canicolaris in Israel. 

The present communication reports 
two outbreaks of this disease in pigs, 
both of which were associated with can- 
icola infections in man. 


OUTBREAK I 


The 
herd of more than 200 pigs of different 


first observation concerned a 
ages, belonging to a pigbreeder in Ri- 
In June 1954 the entire 


herd was transferred by truck to a newly 


shon-Lezion. 


erected piggery, situated in a eucalyp- 


tus wood on the shore of the Kinnereth 
Lake near Kfar-Nahum (Kapernaum), 
a distance of about 200 km from Rishon 
This piggery consisted of 22 open con 
crete-floor sties, separated by approxi 
mately 70 cm high concrete walls. The 
pigs were attended by 8 workers, who, 
like the pigs lived under very poor hy- 
gienic conditions. The sties in which the 
men usually and 


worked barefooted 


with the upper part of their body naked, 


. van der Hoeden, J. 1955, J 
Therap. July, 65: 278-283. 
1955, J. Am. Vet. M 


Comp. Path. & 
. van der Hoeden, | 
126: 207-210 
van der Hoeden, | 
Hyg. 58: 202-204 


Assoc 


1955, J Trop Med. & 
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were soiled by excretions and food 


These wastes drained 
lake, in the 
bathed and from which they took their 


remnants, 


the 


into 


nearby which men 


drinking water. The pigs were returned 
to Rishon in September 1954. 

Human infections.— Between the end 
of July and the second week of August 
1954, i.e., 


started their work, 3 out of the 8 attend- 


5 to 6 weeks after the men had 


ants became ill with fever, and they 


were hospitalized in the Schweitzer 


Hospital at Tiberias. 


Patient S. R., 


feeding a 


worker 


Fever occurred in the third 


part-tiire aided in the 


d cleaning 
took a serious course 


week of July. The disease 


with anemia, involvement of the liver and kid 
neys, but without jaundice. The man remained 
in the hospital for more than a month, intense 


weaknes persisting for an additional or 5 


months. The agglutination test, performed on the 


23rd day of illness, revealed a high titer (4000 
for Lept. canicola (table 3). 

Patient D. H 
clinically 


tests 


became ill at the end of July, 
suspected of leptospirosis. Agglutinin 
were negative on August 10th, but positive 
table 4) 
was moderately 

Patient N. B 
in the beginning of July, and became sick in the 
August 


Jaundice wa not 


7 days later Ihe course of the disease 


“TIOUS;: no jaundice appeared 
started working in the piggery 


econd week of The disease lasted about 


) observed. The first 


weeks 
igglutinin test, on August 
but on August 26th it 
(table 3 

Attendant K. N 
ame day as D. H 
of illme his blood agg! itinated Lept canicola in 
dilution of 1:2000 when te August 16th 
(table 3 
Manager S. | wa 


18th, was negative, 


had a titer of 16,000 


came to the piggery at the 


Though he never complained 
ted on 
Nahum 


present in Kfar 


Pasi 


10th 
1/th 
Sth 
16th 
9th 
s6th 
tested Aug 
tested Oct. § 


during the total period of the staying of the pigs 
in this piace, but did not take active part in the 
care of the animals 
healthy, his 
camticola in 
October 5th 


Though he remained clini 
blood agglutinated Lept 
1: 1000 ted on 


cally 
dilution of when te 

One of the three remaining workers died from a 
sudden disease in July 1954 


examination of 


No diagnosis was 


made other two left the place, making 


their blood on the presence ol 


leptospira antibodies impossible 


Examination of the pigs No symp 
the 
pigs, either during their stay in Kfar 


Nahum nor in Rishon-Lezion. On Octo 


toms of disease were observed in 


ber 30th, blood samples were collected 
from 33 hogs, selected at random among 
the pigs which had returned trom Kfar 
Nahum. 


shqwed titers oi 


Fourteen of these 
200 o1 
Lept. canicola (titers of 200, 500, 1000 
and 2000 were established in 7, 2, 4 and 


1 hog, No agglutinins, 


serums 


more against 


respectively). 
however, were revealed for Lept. ictero 
Le pl 


hyos (mitis-Johnson), the serotypes men 


haemorrhagiae, Lept. pomona or 
tioned in the literature of several coun 
tries as cause of leptospirosis in swine 


Three of the reacting pigs were slaught 


ered and the kidneys of two of these pigs 


were examined histologically by Dr. ‘| 
Nobel. Diffuse 


nephritis and a 


and focal interstitial 


few evident foci of 


glomerulonephritis were found, as well 
as tubular degeneration. In silver-im 


pregnated sections (Levaditti) lepto 


spiras appeared within the epithelium 


cells of the tubules and in the tubular 


Agglutination titer for leptoepi 


tclerohaemor 
rhagiae 


ballum &r'P po 
ty phe 
S00 o* 0 
0 0 0 
ae) 0 0 
0 0 0 
00) 0 0 
wD) 0 0 
20 0 0 
0 0 0 
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lumina. From one of these kidneys a 


culture of 


leptospira was isolated in 


Chang's fluid unfortu- 
nately, the slowly growing culture was 


lost before the strain could be typed. 


medium, but, 


The 
initial negative agglutinin tests of the 
patients D.H. and N.B., followed by 
the abundant appearance of Lept. can- 
icola agglutinins in their serums at a 
later stage, 


Epidemiology and epizootiology. 


proves that the acute dis- 
ease of these two persons was actually 
leptospirosis canicolaris. Similarly, the 
agglutinin titer of 4000 against Lept. 
canicola on the 23rd day of the illness of 
patient S.R. may be taken as evidence 
of Lept. canicola infection. The fairly 
high 2000 and 1000 in the 
healthy persons K.N. and S.E. are in 
wccord with the assumption that they 
had 
infection in the preceding few months, 
when exposed to the same heavily con- 


titers ol 


contracted a subclinical canicola 


taminated environment as their sick col- 
leagues. A similar condition applied to 
the clinically inapparent infections of 
the canicola-seropositive pigs. 

The the 


kidneys of 2 of these pigs may prove 


finding of leptospiras in 
that pigs can be a potential source of 
canicola infection. Though we have no 
definite that the 
connected with the piggery had ac- 


certainty 5 persons 
quired their canicola infection from the 
hogs, we consider this possibility highly 
probable. though the manager, 
S.E., did not take part in the actual 


care ol 


Even 


the animals, he did have con- 
stant close contact with the sties. The 
only dog present in the vicinity of the 
piggery at Kfar-Nahum was killed by 
poison in an anti-rabies campaign 
against stray dogs and jackals, in July. 
On two neighboring farms only 3 dogs 
were present; their blood did not con- 
tain agglutinins against Lept. canicola 
he blood of 22 pigs which were main- 
closed these 


tained in buildings on 


VAN DER HOEDEN 


farms was also negative. None of the 
infected men had had any contact with 
dogs, cattle, horses or donkeys at the 
time of their stay in the piggery. The 
origin of the infection of the pigs seemed 
rather puzzling, though in view of the 
experiences in cattle, the most probable 
assumption was to suspect jackals as its 
source. Unfortunately, local conditions 
did not enable us to prove that the jack- 
als at this particular place excreted Lept. 
canicola in their urine. Our inclination 
to attach epizootiological connections 
between the jackals and the swine does 
not relate to the period before the latter 
were transferred to Kfar-Nahum. At 
Rishon-Lezion the animals were kept 
in closed buildings into which neither 
dogs nor jackals could enter, and no 
contact existed between the pigs and 
cattle, horses or donkeys. 

In the blood serums of 86 pigs from 9 
other places (partly in the neighbor- 
hood of Rishon), no agglutinins against 
Lept. canicola were found. 


OUTBREAK II 


This outbreak concerned 35 pigs, ap 
proximately 4 months old, living in an 
open sty outside an abandoned Arab 
building at the outskirts of Haifa. In- 


side the house about 200 adult hogs 
were present. The personnel consisted of 
the two owners who did not work in the 
sties, and 4 Arab laborers. At the end of 
October 1954 the majority of the 35 
pigs in the open sty were sick, showing 
high temperature, anorexia, listlessness, 
marked weakness and convulsions. Two 
of the pigs died. Soon after treatment 
with penicillin and streptomycin was 
started the temperature dropped 
Examination of the pigs.—On Novem- 
ber 3rd, one sick pig which had not been 
treated was sent to the Veterinary In- 
stitute. At arrival the animal was pros- 
trate, with bluish-red, drooping ears 
and forced respiration. The pig was 
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destroyed, and post mortem examina- 
tion showed a large number of petechial 
hemorrhages in the renal cortex and a 
swollen spleen. Histological examination 
(by Dr. T. 


terstitial nephristis, degeneration of the 


Nobel) revealed chronic in- 


tubular epithelium cells, infiltration of 
the glomeruli, and fibrous tissue in the 


interstitium 


and Bowman's 


capsule. 
Krom the spleen, liver, and blood of the 
heart pure cultures of Salmonella sui- 
pestifer were isolated. The blood serum 
did not agglutinate S. 
Lept was agglutinated in a 
dilution of 1:1000 and Lept ballum ina 


dilution of 1:20. The canicola aggluti- 


suipestifer, but 
canicola 


nin titer of the urine was significant (1: 
32). Attempts to cultivate leptospiras 
the kidneys 


since the mediums were quickly over- 


from were unsuccessful, 
grown by salmonellas. A young hamster 


and Mertones shawi in which tissue of 
the kidney was injected died from gen- 
eralized salmonellosis. 

Serum tests of 7 young pigs of the 
same group revealed one reactor with a 
canicola titer of 200, one with a titer of 
500 and 3 with titers of 1000. The blood 
of the last 3 animals agglutinated the 
antigenically related ballum type in 
dilution 1:20, but none of the 6 reacting 
agglutinins for Lept. 
Lept. pomona or 


Lept hyos. Sero-tests with the blood of 6 


serums showed 


icterohaemorrhagiae, 


swine from the adult group were negative 

Iluman infections._-Three of the four 
\rabs working in the piggery were ill 
simultaneously 
September 1954, 


employed from 2 


aimost in August and 
had 


to 4 weeks. During 


after they been 
their illness they returned to their fam- 
ilies, which lived in the neighborhood of 


Nazareth 


was not clear to the local physi ian, who 


The nature of their disease 


examined them (‘‘malaria, typhoid or 


influenza’). The main symptoms were: 
fever for 3 to 4 days and severe head- 


ache. Jaundice was not observed. Partial 


recovery took place in 12 to 18 days but 
intense weakness remained for several 
weeks. Only 2 of the Arabs returned to 
the piggery. 

On 10th, 


agglutinins had been found in the pigs, 


November after canicola 
the blood of these 2 workers was tested 
and agglutinin titers of 1000 and 4000 
against Lept. canicola were revealed. No 
agglutinins were present against Lept. 
icterchaemorrhagiae, Lept. grippotyphosa, 
Lept. pomona, Lept. hyos and S. suipesti 
fer. However, Lept. ballum was aggluti 
nated in dilution 1:20 and 1:200, re 
spec tively 

The blood of the two owners and that 


of the remained 


only worker who 
healthy did not react with Lept canicola 
the 


mentioned above. 


or any of other 


leptospira types 


No 


contacts of men or pigs could be traced 


Epidemiology and epizootiology 


with dogs, jackals or other possible 


reservoirs of canicola infection 


SUMMARY AND DISCUSSION 


Infections by canicola have 


Lept 


been demonstrated in two herds of pigs, 
the 
and the other at the outskirts of Haifa. 


one in Galilea near Kinnereth Sea 


In the first outbreak no clinical symp 


toms of disease were observed in the 


pigs, but at post mortem examination 


the 
outbreak the young pigs showed rise of 


nephritis was revealed. In second 


temperature, 


iInappetence marked 


weakness, convulsions, petechial hem 
This outbreak 
was however, complicated by 
with § The 


pathological picture of the latter out 


orrhages and nephritis 
infection 


sutpestifer clinical and 


break showed a striking resemblance to 


the or tbreak described by Go« henour 
et al in which the pigs were found to 
be infected by S 


sutpestifer, besides 


Gochenour W » It Joh t¢ 
VYayer Ik H i d Croche our W 


Am. J. Vet. Res. pp. 158-160 
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significant agglutinin titers 


against Lept. pomona. 


showing 


Phough a very slight possiblity can- 
not be denied that a dog had been the 
original source of infection in the Kfar- 
Nahum outbreak, we consider it more 
likely that the of the 
swine derived from jackals. These ani- 


contamination 


mals could easily enter the sties at night 
in search of food, depositing Lept. cani- 
cola by their urine on the soil. In previ- 
ous investigations in Israel, jackals have 
been found to be this 
leptospira serotype." In the Haifa out- 


break the possible origin of infection 


excretors of 


could not be traced. 
Both 
among pigs were associated with multi- 


outbreaks of leptospirosis 
ple human infection (5 and 3 cases, 
respectively). These data constitute a 
striking contrast to the great exception 
by which, according to general experi- 
ence, leptospirosis is usually transferred 
from the excreting dogs to man. To 
quote a few examples: In Austria only 2 
human cases of leptospirosis were diag- 


nosed among the owners of 7370 lepto- 


spira-infected dogs, and examination of 
the personnel handling these dogs, in the 
Veterinary Clinics at Vienna, revealed 
single case of 


not a leptospirosis." 


Among the 33 cases of canicola fever 
which we observed in Israel and in 
which dogs were the probable source 
of infection, it happened only once that 
2 persons in the same house were af- 
fected. 

A reason for the occurrence of multi- 
ple human infection connected with the 
outbreaks of porcine leptospirosis de- 
scribed above may probably be sought 
in the very unhygienic conditions of the 
pigsties. Bathing in and drinking water 
from a lake into which the piggery 
drained may have been an additional 
way of infection of the human cases 
connected with the 


Kfar-Nahum. 


Irrespective of whether the Lept. can- 


infected hogs at 


icola infections in human beings were 
derived from jackals or via pigs, we be- 
that 
above and those which have been de- 


lieve the observations reported 


scribed in our previous publications'*” 
necessitate reconsideration of the gen- 
eral conception that canicola fever is a 
domestic rather than an occupational 
disease. In some countries, under cer- 
tain conditions at least, it might well 
be the other way round. 


14. Advances in the Control of Zoonoses, FAO 


Public. Agric. Studies, no. 25, 1953, p. 153 





SOME EFFECTS OF CORTISONE IN MICE WITH ACQUIRED 
IMMUNITY TO TRICHINELLA SPIRALIS 


COIT M. COKER* 


From the Department of Parasitology, University of North Carolina School of Public Health, 
Chapel Hill, North Carolina 


In a previous report (Coker, 1955) it 
that treatment of 
nonimmunized, mature mice with cor- 


tisone 


was demonstrated 
lowered immunity against a 
primary infection with Trichinella spi- 
ralis larvae. In the 
mice, there was a longer persistence of 
more adult worms in the intestine and 
the establishment of much larger num- 


cortisone-treated 


bers of larval worms in the musculature 
than in control mice. These results sup- 
ported the that 


view nonimmunized 


mice develop, within a relatively brief 


time after a primary infection, a degree 
of acquired immunity against this nema- 
tode. 
Because cortisone exerted such a 
striking effect on the acquisition of im- 
munity to a primary infection in mice, 
it was decided to test whether this hor- 
mone would similarly break down the 
stronger immunity acquired by mice to 
with 7. spiralis. 
From a survey of the literature it was to 
that 


would be effective in reducing the cell- 


repeated infections 


be ex pec ted 


cortisone probably 


which 
was shown by Larsh and Race (1954) to 


ular response in the intestine, 
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be associated with immunity to 7. 


Spi- 
ralis. If so, the information obtained 
from its use might be of value in under- 
the mechanism(s) of 

The 


measures the effects of various dosages 


standing this 


immunity. current experiment 


of cortisone upon the persistence of 
adult worms in immunized mice follow- 
ing a challenging infection, and includes 
certain rough measurements (spleen 
size and qualitative blood cell counts) of 
the effects of these same dosages of the 
the 


phage system. A third, final experiment 


hormone upon lymphoid-macro 
of this series which has been reported so 
far only in the original dissertation 
(Coker, 1954) presents the effect(s) of 
cortisone upon the cellular response in 
the the 


operation of immunity. This work will 


intestine and its relation to 


be reported in a later paper. 


MATERIALS AND METHODS 


The source of mice and of T. spiralis larvae, 
the general methods involved in infecting the 
animals, making adult worm counts, preparing 
and injecting the cortisone, and analyzing the 
data 


(Coker 


statistically 
1955) 


were as indicated previously 


EXPERIMENTAI 
AND RESULTS 


PROCEDURES 


Experimental design.—Vhe purpose of 
the experiment was threefold to deter 
mine (1) whether cortisone would have 
effects upon immunity established 
against 7. spiralis in mice as measured 
by adult the 


intestine following 


worm burdens in small 
a challenging infec- 
tion, (2) whether cortisone would have 
effects upon the lymphoid-macrophage 


system of these same mice as judged by 
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spleen sizes and differential blood cell 
counts, and (3) whether any of the ob- 
effects of be 


dependent upon the amount of the hor- 


served cortisone would 
mone injected, 

For the satisfaction of these aims, the 
experiment was designed as follows. 
Seventy male mice 8 weeks old were 
selected. Ten were kept as nonimmune 
controls, and 60 were immunized by 
giving them, at 3-week intervals, three 
separate infections with 200 T. spiralis 
larvae. Proof for the infectivity of the 
larvae used in these immunizing infec- 


tions was provided by including add- 


tional “viability controls” killed 7 days 


adult 
the 
last stimulating infection was given, the 


after infection for counts of 


worms. Twenty-seven days after 


60 immunized and the 10 nonimmunized 
mice were divided into 7 main groups 
(I to VII) of 10 mice each (table 1). The 
cortisone experimentals (groups II to V) 
were given, by the subcutaneous route, 
their first dose of cortisone on this day; 
the hormone was given daily thereafter 
until necropsy. Three days later, or 30 
days after the last stimulating infection 


LAnLe | 


of mwe 7 and 14 days following a challenging infection with 400 | 
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was given to the immunized mice, all of 
the mice, except the 10 mice of group I 
(see below), received a challenging in- 
fection with 400 7. spiralis larvae. At 
this point, each of the 7 main groups of 
mice was divided into two subgroups, 
(a) and (b), of 5 mice each, which were 
sacrified for counts of adult worms in 
the small intestine, for spleen size meas- 
urements and for differential blood cell 
counts at 7 days (a) and 14 days (b) fol- 
lowing the challenging infection. The 
spleens were measured fresh for maxi- 
mum length and width in millimeters. 
Differential blood cell counts were made 
from clipped tail blood smears stained 
with Wright's stain. Lymphocytes, neu- 
trophils, monocytes and _ eosinophils 
were differentiated. Eosinophils did not 
the 
expected from examining other types of 


present characteristic appearance 
blood stained by the conventional tech- 
niques; this observation agrees with that 


(1954) in 
mice. To clarify the design, a brief de- 


of Dunn another strain of 
scription of the various groups of mice 
(table 1) follows. 


wroup I (persistency controls) was 


lverage adult worm counts, spleen sizes and differential blood counts im various groups 


spiralis larvae given to 


groups Il to VII. Groups I to VI were immunized prior to challenge 


I Cortisone experimentals . 


Persistency Tr iW 


VI Vil 


Immune Nonimmune 
‘ t ! 


Iv V 


controls 
(10 mice 


ontrols ntrols 


? 
0.25 meg 10 mice (10 mice 


(10 mice) 


0.5 me 
(10 mice 


1.0 me 2.0 me 
(10 mice) (9 mice 
410.8 329.8 


325.2 331.8 


Spleet 
wine 
(mm 


Percent 
white 


length, W, width 


‘I 
t L. iymphoeyte, N, neutropil, M, monocyte, E, eosinophil 
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immunized but not challenged, its func- 
tion being to determine if worms persist- 
ed from the last immunizing infection 
to complicate the worm counts of the 
challenging infection. Very few worms 
were found to have persisted, but the 
results from the persistency group are 
included because of their bearing upon 
spleen measurements and differential 
blood cell counts. 


Groups II, III, IV and \ 


immunized, 


(cortisone 
chal- 


cortisone in 


experiments) were 


lenged and treated with 
daily doses of 0.25, 0.5, 1.0 and 2.0 mg, 
The daily 


quently used in mice for various pur- 


respectively dose most fre- 
poses by other workers has been 1 mg. 
Thus, these four dosages, selected arbi- 
trarily, were one-fourth, one-half, equal 


and twice that amount. It 1s well to 
emphasize that in the present design the 
hormone was first given 3 days prior to 
the challenging infection and continued 
until necropsy 

Group VI (immune controls) was im- 
munized and challenged, to establish the 
base-line of acquired immunity as com- 
pared to group VII (nonimmune con- 
but 


was challenged to show the degree of 


trols), which was not immunized 


natural immunity in mice of this age. 
The 14-day 


necropsy after the challenging infection 


7-day and periods for 


were selected on the basis of previous 
observations (Larsh et al, 1952) showing 


that after a challenging infection im 


munized mice of this same strain lost 


their worms in significant numbers be 


tween 5 to 7 days, whereas nonimmu- 
nized mice lost theirs between 11 to 14 
days. Since the effect of cortisone on the 
established immunity was unknown a 
priori, the use of the two necropsy peri 


ods was expected to permit more com- 


parisons leading to better evaluation of 


the results 
General results All mice survived to 
necropsy except one mouse in group \ 


The 


(b) which was killed accidentally 


AND IMMUNITY 
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cortisone-treated animals appeared to 
be as active as the others but lost some 
the adult 
worm counts, the spleen size measure 
the blood cell 


counts are shown in table 1. Results of 


weight. Averaged data for 


ments and differential 
t tests of the significances ol the differ 
the adult 
table 2: a 


was act epted as 


ences between the means of 
worm counts are given in 
probability of 0.05 
significant. 

Adult The 
worm counts in the groups treated with 
0.25, 0.5, 1.0 and 2.0 mg of cortisone 
were 310.8, 329.8, 325.2 and 331.8 at 7 
days, and 276.0, 317.4, 285.6 and 288.5 


at 14 days, respectively 


worm counts average 


An analysis of 
variance performed on these counts in 
dicated that there were no differences to 
be Am ribed to the $1ze ol dose ol corti 
sone. Therefore, for further calculations 


the cortisone groups could be combined, 


which resulted in a mean of 324.4 worms 


I tests of the of the differ 


between the means of adult worm counts 


raABLe 2 significance 


ence 


Standard 
error 
I ype 
Imm im 
vs 
nonimmune 
Immune. 
vs 
HOMUMMUNE 6 
Immune 
vs 
immune sv 


rv rrai rhe 


HONMIMM UNC vs 


nonimmune 
Immune 
ortisone 
Cortisones, 
nonimmunes 
C ortisone, 


cortisone. 


between the means 
{ all the group 


Standard errore of the differences 
jlated u ga the pooled nces 


giving 53 degrees of | 


weTE : 


reedom 
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at 7 days and 
14 days 


persistenc 


a mean of 292.1 worms at 
The mean worm counts of the 
controls, the immune con- 
trols and the nonimmune controls were 
().2, 254.4 and 347.6 at 7 days and 0.2, 
49.8 and 158.4 at 14 days, respectively. 
Following the use of Student's ¢ test 
to determine the significance of the dif- 
the the 
various adult worm counts (table 2), the 


ferences between means ol 


following conclusions were made with 
confidence: (a) The immunization pro- 
gram was successful in establishing im- 
detectable at both 7 and 14 
in the immune controls (compari- 

ind 2 in table 2); (b) the immu- 


nity mechanism 


munity 
days 
SOLS ] 
continued to operate 


hetween 7 and 14 days in the immune 
controls (comparison 3); (c) nonimmune 
controls gained detectable acquired im- 
munity between 7 and 14 days (compar- 
ison 4); (d) cortisone-treated mice at 7 
days had significantly more worms than 
immune controls (comparison 5), and 
their worm burdens were not signifi- 
cantly different from those of the non- 
immune controls (comparison 6); (e) at 
14 days the cortisone-treated mice har- 
significantly 
both th 


7 and the nonimmune controls (compar- 
ison 8); and (f) 


bored more worms than 


immune controls (comparison 


worm burdens of the 
cortisone-treated mice at 14 days prob- 
ably 


from their burdens at 7 days (compar- 


were not significantly different 
mon 9) 

The 
spleen lengths in the cortisone groups 
was 11.8 to 12.7 


12.3 mm, and that of widths was 3.1 to 


Spleen size range ol average 


mm, with a mean of 


3.7 mm, with a mean of 3.3 mm, as op- 
posed to 14.8 to 17.0 mm, with a mean 
of 15.4 mm, and 3.9 to 4.7 mm, with a 
mean of 4.3 mm, respectively, for all the 
other groups not 
(table 1). 


tisone groups had a spleen size which 


receiving cortisone 
Ihus, the 39 mice of the cor- 


averaged 3.1 mm shorter in length and 
1.0 mm shorter in the width than that of 


the 30 mice of the other groups. There 
was little difference in average spleen 
size within the cortisone groups irrespec- 
tive of necropsy time, indicating that 
cortisone induced prompt and maximal 
reduction of spleen size. 

Differential blood cell counts \ cas- 
ual inspection of the differential blood 
cell counts from group to group (table 
1) indicates: (a) an eosinophilia devel- 
oped in non-cortisone-treated immune 
groups | and V1; (b) a lymphocytopenia 
and eosinopenia occurred in the cort:- 
; and (c) the 
effects of cortisone upon lymphocytes 


sone-treated groups II to \ 


and eosinophils the 


mak- 


ing the blood cell counts much more 


were greater as 


dosage of cortisone increased. In 


time was required to find 100 white 
cells in the smears from the cortisone 
treated although 


animals. Therefore, 


these counts are not quantitative meas 


ures of the total amount of various 


leucocytes 


present, it is reasonably 


safe to assume that cortisone reduced 
the population of circulating lympho- 
cytes and eosinophils to very low levels 
This is in accordance with the known 
action of cortisone reported by other 
total white 


cell determinations (see below 


workers who have made 


DISCUSSION 


The results of this experiment show 
that 
drastically 


clearly cortisone, as employed 
affected the 


nance of immunity that had been estab 


here, mainte- 
lished in mice by repeated infections 
The effect 
lished 


estab 
the 
numbers of adult worms persisting in 


was to destroy the 


immunity as measured by 
the small intestine after a challenging 
infection. Cortisone treatment rendered 
immunized mice essentially nonimmune 
and, in addition, seemed to prevent the 
gain of acquired immunity which non- 
immunized mice ordinarily develop 
between 11 to 14 days following an 


infection (Larsh, 1953; Larsh and Race, 





CORTISONE AND IMMUNITY TO 


1954) 
with 


The results of this experiment 


immunized mice substantiate 


earlier findings of the effect of corti- 


sone in nonimmunized mice infected 


with 7. 


Cortisone 


spiralis. 
had a demonstrable 


effect upon the lymphoid-macrophage 


also 


system of the immunized mice in that it 
caused a reduction in size of the spleen, 
a lymphocytopenia and an_ eosino- 
Similar effects of 
ACTH have been noted in animals not 
infected with T. spiralis (Dougherty 
and White, 1945 and 1947; Hills et al, 
1948: Antopol, 1950). 


The various doses of cortisone pro- 


penia,. cortisone or 


duced no significant differences among 
the effect adult 
worm counts or upon size of the spleen 


themsleves in upon 


However, higher doses affected differ- 
blood cell 


degree, although there was not much 


ential counts to greater 
difference 
0.25 in; 


‘n this respect between the 
the 0.5 mg The 


selection of an appropriate 


and doses. 
mafter ol 
dose of cortisone for various experi- 


mental treatments of mice has not 
received a great deal of atten‘ion, but 
two references pertinent to the present 
Stoner 


Godwin (1953), in one experiment with 


study deserve mention. and 
cortisone and trichinosis in mice, tested 
1.0 mg and 0.1 mg of cortisone, admin- 
istered as daily subcutaneous injec- 
tions, for their effects upon an LD spo of 
Although the 


Trichinella produced 100% 


larvae challenging in- 
fection of 
mortality, a criterion of survival time 
the 
somewhere between 0.1 and 1.0 mg of 
cortisone. Spain and Molomut (1952) 
that a 


0.00025 meg 


placed minimal effective dosage 


found dosage of as little as 


produced pronounced 
eosinopenia in mice, whereas the effect 
upon spleen size began at 0.025 mg and 
was maximal at 0.25, 1.0, 2.0 and 4.9 
the the 
threshold level of effects on adult worm 


mg. In current experiment, 


counts was not demarked, but it would 
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seem to lie below 0.25 meg. It is well to 
bear in mind, however, that the strain 
(Whitmire and 


1954), as well as the size of cortisone 


of mouse used Downs. 


dose employed, can be an important 


additional factor to consider when 
measuring the effects of cortisone 

The influence of cortisone on normal 
with 


1951; 


immunity to disease varies 


(Kass and 
Greiner, 1952), but 


fectious diseases the influence often is 


host 
the disease Finland, 


in-the case of in- 


adverse. In mice, for example, it has 


caused a marked acceleration of polio- 
myelitis infection (Shwartzmar\ 1950) ; 
an endogenous bacteremia amine al, 
1952); a generalized fatal infection with 
Candida 1953); 
greater susceptibility to Rickettsia moo- 
seri (Whitmire and Downs, 1954); and 
enhanced susceptibility to 
(Stoner and Godwin, 1953 
Coker, 1954 and 1955). 
Thomas (1953) porated out that en 


albicans (Seligmann, 


Trichinella 


and 1954; 


hancement of susceptibiliiy produced 
by cortisone involves a wide variety of 
unrelated infectious agents and a wide 
variety of hosts. He suggested that the 
underlying mechanism by which corti- 
sone exerts such effects is through 
blockade of the reticuloendothelial sys 
tem, thus preventing cellular defenses 
from coming into play. Evidence is 
accumulating that this explanation may 
apply in at least certain cases of 
Weinstein (1953 
that 


rats 


nematode infections. 
1955) 


ministered to 


cortisone ad 
alter 
immunization to Nippostrongylus muri: 


and found 


during or 


caused a marked reduction in the cell 
ular response in the skin to a challenging 


infection with larval worms, and the 


worms were more successful im con 


tinuing their migration and develop 
ment although they encountered some 
cellular resistance in the internal organs 
Coker (1954) has shown that there is a 
direct relationship between suppression 


of the cellular response in the intestine 
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and the persistence of large numbers of 


adult 7 


spiralis in mice treated with 


this hormore 


SUMMARY 


1. Cortisone mice im- 

spiralis 
longer adult 
the after a 
challenging infection, reduction in size 


treatment of 


munized 


against Trichinella 


caused persistence of 


worms in small intestine 


of the spleens of the mice, lympho- 


cytopenia and eosinopenia. 

2. The various daily dosages of the 
(0.25, 0.5, 1.0, and 2.0 mg) 
produced no. significant differences 
among themselves in their effects upon 


hormone 


adult worm counts or upon size of the 


spleen. However, dosages above 0.5 
mg affected differential blood cell counts 
to greater degree. 

3. Cortisone treatment rendered the 


immunized mice essentially 


non- 
immune, and, in addition, seemed to 
prevent in these mice the gain of ac- 
quired immunity that nonimmunized 
mice ordinarily develop between 11 to 
14 days following 7. spiralis infection. 

4. The results of this experiment with 
immunized substantiate earlier 
effect of 
mice 


mice 
the 
nonimmunized 


findings of cortisone in 


infected with T. 
spiralis. 
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CHILDREN WITH 


INFECTIONS OF 


RESPIRATORY TRACT 


ERELA EPHRATI-ELIZUR 
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Little is known of 


ornithosis in 


psittacosis or 


very young children,’ 
the majority of recorded cases having 


been adults.'~"! 
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AND HANS BERNKOPF 


Hadassah Medical School 
Israel 


\ virus belonging to the ornithosis 
group was isolated in this laboratory in 
1953 trom two fatal cases of interstitial 
pneumonia in children aged 2 years and 
1 month ” respec ively, and more cases 
in young children were detected in 1954 


Che present paper deals with virologi 


cal and serologi« al findings in these pa 


tients and some of their epidemiological! 
implications. A clinical description has 


been reported elsewhere." 


METHODS 


Virus isolation Virus isolation was attempted 


from patients’ serums or whe's blood at the be 


ginning of the illness (sputum was not obtainable 


because of the young age of the children), or from 


As far a 


possible material was inoculated immediately on 


lung and spleen obtained at autopsy 


receipt; otherwise it was stored at 10 C for not 


more than a few days. For inoculation blood or 


serum was diluted w’th the 


same volume of 


nutrient broth contaiming 50 units of penicillin 


and 50 yg of streptomycin/ml. Portions of lung 


and spleen were prepared by trituration in a 
sterile mortar, and broth containing 200 units o 
penicillin and 200 yg of streptomycin/ml wa 
added to make a 20% suspension 

13-day-old dev 
inoculated 


After 


days, amniotic 


I welve- to eloping chick em 


bryos with these 
46 © for 4 to 


fluid, liver and lungs of the em 


were amnioticall 


materials incubation at 
bryos were removed, pooled and triturated to 
make a 20% suspension in broth. Further pa 


sages in eggs were done by the amniotic and yol} 


12. | phrati | lizur, i 
Man, M 
to the 


Bernkopf, H Wol 


1953, Isolation of a virus belonging 


and 


peittacosis-lymphogranuloma group 
of interstitial pneumonia 
Harefuah, 45: 199-203 
Freundlich, | Glaser, K 
Ephrati-Elizur, k. and Bernkopf, H. 1955 
Ornithosis in early childhood. Pediatrics, 15: 


752-7600 


from two fatal case 
in children 


german, 5., 





46 ERELA EPHRATI-ELIZUR AND HANS BERNKOPF 


sac route. Chorioallantoic inoculation was carried 
out by conventional methods. 

Three- to 4-week-old albino mice were inocu- 
lated intracerebrally and intranasally with egg 
passage material after amniotic inoculation, or 
directly with serum, blood or lung and spleen 
uspensions from human cases. Mice inoculated 
intranasally were sacrificed after 7 to 10 days and 
the lungs removed for macroscopic and micro- 


Mice 


were observed for signs of illness and 


sCOpK intra- 


examination inoculated 
cere bralls 
death. Lung and brain smears were stained by the 
Macchiavello and Giemsa methods for the de 
tection of elementary and inclusion bodies 
Normal mice from our stock were tested re- 
peatedly for latent infection with pneumotropic 
viruses by inoculating them intranasally with 
normal amniotic fluid, suspensions of chick em- 
bryo organs, lung suspensions of normal mice and 
normal human serum. A number of blind pas- 
sages were carried out, using a total number of 
over 200 mice. No deaths occurred. Animals were 
acrificed 7 to 10 days after inoculation and 


None 


found, indicating that the stock of mice was free 


examined for pathological changes was 


from latent respiratory infection. 
Hamsters, guinea pigs and pigeons were also 

inoculated by various routes in the investigation 

of biological characteristics of the viruses iso- 

lated 

Acute and 


serums from cases of respiratory dis- 


Serological examinations. con- 
valescent 
eases were examined for complement fixing (CF) 
and hemagglutination inhibiting (HI) antibodies 
against psittacosis antigen. CF antigens were pre 
pared from allantoic fluid of embryonated eggs 
infected with strain 38, which had been isolated 
from a fatal case of pneumonia and identified as a 
strain belonging to the ornithosis group. Allantoic 
fluid from infected eggs found to be rich in ele 
mentary bodies on microscopic examination was 
dialyzed overnight against 20 volumes of saline at 
1 C. To the dialysate merthiolate in a final dilu- 
tion of 1:10,000 was added. Control antigen was 
prepared in the same way from normal allantoic 
fluid. Specific antigens reacted up to a dilution of 
1:4 with 4 units of immune serum. Two units of 
Serums were in 
30 minutes at 56 C, 


antigen were used in the test 
activated for 

Fresh guinea pig serum was used for comple 
The tests 
were carried out in a total volume of 1 ml, using 


ment and unbuffered saline as diluent 


0.2 ml volumes of each reagent, 2 units of comple 
ment and 2 units of amboceptor 

Preliminary incubation was carried out at 4 C 
overnight followed by 15 minutes at room tem 
The hemolytic system was then added 
ind furthe t 


perature 


incubation carried out in a water 


bath at 37 C for 30 minutes. Titration of comple- 
ment in the presence of the infected and the con- 
trol antigen and all other controls were run to 
gether with the test. Tests were only considered 
satisfactory when 2 units of complement were 
present in the control titrations in the presence of 
antigen after overnight incubation and the result 
considered positive when 2 to 4+ fixation was 
obtained. 

Hemagyglutination inhibition tests were done ac 
cording to the technique of Hilleman et al," pre 
liminary absorption of the human serums with 
mouse red cell suspensions was carried out 
Allantoic fluids exhibiting hemagglutination ac 
tivity in titers of 1:32 or higher were employed as 
antigens. Four hemagglutination units were used 
in the inhibition test. 

All titers are reported as the highest initial 
serum dilution causing complete or partial 
hemagglutination inhibition or complement fixa 
tion. 

Preparation of viral toxins were carried out ac 
cording to the technique proposed by Manire and 
Meyer." 


RESULTS 
Virus isolation was attempted in 24 
cases of respiratory disease in children. 


included 18 which 
blood was received at the beginning or 


These cases from 
later stages of the disease, and 6 fatal 
cases of pneumonia from which lung and 
spleen were obtained at autopsy. 
Isolation was successful on 6 occa- 
sions. Three virus strains were isolated 
from blood samples and three strains 
from autopsy material (table 1). 
iIno« - 
This 


posi- 


For virus isolation eggs were 
route. 
method was chosen in the first 


tive case because infection with 


ulated by the amniotic 


influ- 


enza virus was originally suspected and 
it was subsequently 
further isolation attempts. In 4 cases 


adopted in all 


14. Hilleman, M. R., Haig, D. A. and Helmond, 
R. J. 1950, The indirect complement fixation, 
hemagglutination and conglutinating com 
plement absorption tests for viruses of 

the psittacosis-lymphogranuloma venereum 

group. J. Immunol. 66: 115-130 

Manire, G. P. and Meyer, K. F. 1950, The 

toxins of the psittacosis-lymphogranuloma 


group of agents. J. Infect. Dis. 86: 226 





ISOLATION OF ORNITHOSIS VIRUS 


Cases of respiratory disease from which virus strains were isolated 


Mater 


Lung and sp 
Lung and sp 
Serun 
serum 
Blood 
Blood 


virus was first demonstrated micro 


scopically in touch 


preparations ol 
mouse lung following intranasal inocula- 
fluid. In two further 
fluid the 


caused death of the embryos 


tion with amnioti 


amnioti 


cases passaged to 
yolk sac 
after 4 to 5 days, and virus was directly 
demonstrated in yolk sac 
(table 2) 


Identification of the viruses isolated 


preparations 


Impression preparations made from 
lungs and brains of infected mice, and 
fluid or yolk sa 


of inoculated embryonated eggs stained 


smears from allantok 


by the Macchiavello or Giemsa method, 
showed elementary and inclusion bodies 


typical of the  psittacosis-lympho 


granuloma group 


For further classification of the 


isolated strains a number of factors 


were taken into account, such as 


source of isolated strains, virulence in 


mice following intraperitoneal and in 


tracerebral injection, virulence in pi 


geons following intracerebral inocula- 


tion, neutralization tests, and cross 


immunity tests 


Pathogenic ily isolated lrain 


VU ethod 


culatic 
Zz. ¥ woulath 


k sac ine 
mentary bodies de 


used fe ru 


The pathogeni ity of all isolated strains 


for developing chick embryos, mice 


and pigeons was examined 
chick 


inoculation into the yolk and amnioti 


Deve loping 


embryos were susceptible to 
sac and into the allantoic cavity. Death 
of the embryos occurred 3 to 6 days 
after infection, depending on the route 
Following amniotic inoculation, virus 
the 


fluid, but also in the liver and lungs of 


was found not only in amnioti 


the embryo, reac hing titers of 10’ ml 


Chorioallantoic inoculation produced 

small focal lesions on the membrane 
Mice died within 3 to 6 days following 

Mouse brain 


suspensions reached titers of 10’ to 108 


intracerebral inoculation 


ml after 6 passages. Intranasal inocula 


tion was not usually 


fatal to mice, but 
after 7 to 10 


showed typical greyish lesions in their 


those sacrificed 


days 


lungs, which varied from pin point size 


to almost complete consolidation, de 
pending on the amount of virus inocu 
lated. Mice 


peritoneal route seldom died. In 


inoculated by the intra 


alll 


mals sacrificed 10 days after intra 


peritoneal inoculation livers 


isolation 
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spleens were found to be considerably 
enlarged. Microscopic examination of 
smears from liver, lungs and spleen 
the 


stain showed 


elementary and inclusion bodies. 


stained by Giemsa 
White rats and hamsters inoculated 
with 10% mouse lung 
suspension (strain 38) succumbed with- 


intracerebrally 


in 5 to 7 days. Guinea pigs survived all 
routes of inoculation. Injection of in- 
fected yolk sac suspension intracutane- 
ously in guinea pigs was followed by a 
strong inflammatory local reaction after 
48 hours. inoculation of 
pigeons with infected yolk sac suspen- 


Intracerebral 


sions of all 6 strains produced signs of 
illness within 3 to 5 days and death 4 to 
Brain smears revealed 


5 days later. 


numerous elementary bodies and mice 


inoculated intracerebrally with pigeon 


brain suspensions succumbed to the 
infection within 3 days. 

Toxin production.—Toxin production 
the characteristics of viruses 
LGV group. Differ- 


production 


is one ot 
of the psittacosis 
ences in toxin between 
various members have been described." 
It was of interest, therefore, to examine 
the isolated strains in this respect. 

Three of the strains isolated and one 
strain of ornithosis virus were studied 
for the presence of viral toxins. Yolk sac 
suspensions in dilutions up to 1:40, 
the route, 
killed all or almost all mice within 40 
hours. Animals surviving 40 hours did 
not die from the injection later. All the 
strains tested behaved similarly. 


inoculated by intravenous 


Cross protection test in mice.—Three 
of 20 to 50 


immunized by a single subcutaneous 


groups mice each were 
injection of 0.5 ml of fresh allantoic 
fluid containing numerous elementary 
bodies diluted 1:10 in broth. The strains 
used for immunization were: (1) a local 
strain from sick 
pigeons, (2) strain 38, (3) strain 900; a 


ornithosis isolated 


group of 75 mice was kept as control 


TABLE 3.—Results of cross protection tests in mice 


Intracerebral challenge with strain 


Immunization 
t trai 

with strain Ornithosis 38 898 900 

Ornithosis 0/20 

$4 0/20 

900 0/10 

Control 20/20 
Not immunized 


0/20 
0/20 


0/10 


20/20 10/10 


Numerator——-number of total 


number of mice inoculated 


animals. Three weeks later all mice were 
10° 
LDwy's of homologous or heterologous 


challenged intracerebrally with 
strains. As seen in table 3 all immunized 
mice survived the challenge with both 
homologous and heterologous strains, 
while all the the 


munized group succumbed, 


animals in nonim- 

These results indicate the close im- 
munological relationship of the strains 
examined, both among themselves and 
with ornithosis virus. 

Chickens were immunized by re- 
peated intrasmuscular inoculations of 
infected yolk sac suspensions. No potent 
neutralizing antibodies were obtained 
and efforts to carry out serum neutral- 
ization tests were therefore abandoned. 

Sensitivity to antibiotics.— It is known 
that some members of the psittacosis- 
LGV group are sensitive to sulfon- 
amides and antibiotics. Sensitivity to 
antibiotics of three of the isolated strains 
and of ornithosis virus was tested ac- 
cording to the technique described by 
Meiklejohn et al."© There was no differ 
ence in survival time between eggs pre- 
treated with 10 mg of sodium sulfadia- 
zine or 100 units of penicillin and un- 
treated control eggs. Aureomycin in a 
dose of 1 mg per egg completely inhib 
ited viral multiplication, as shown by 
the survival of all inoculated embryos, 
whereas 0.1 mg aureomycin or 1000 
16. Meiklejohn, G., Wagner, J. C. and Beveridge, 

G. W. 1946, Studies on the chemotherapy of 

viruses in the psittacosis-lymphogranuloma 


group. J. Immunol. 54: 1 
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LABLE 4 Sé rologwal reactto 


Hl 


} +++ 1:160 
5 neg 1:160 
5 5 
164++4+ 44 $20 
&+4+4 1:40 
S neg 1:160 
5 neg 1:10 neg 
8 neg 1:20 neg 
& neg 1:10 neg 
tnd sample was take 
th tudy serums were 


units of penicillin delayed the death of 
the embryos for several days 
In summary it can be stated that in 
all tests the 
like a known strain of ornithosis virus 
Serological tests.—During the winters 
of 1953-1954 1954-1955, 


from 67 children who were suspected of 


isolated strains behaved 


and serums 


were tested 
and Hl 
against ornithosis antigen. The children 
from the Hebrew University—Ha 
dassah Medical School Hospital, most of 


them under one year of age, including 


respiratory sero 


disease 


logically for CF antibodies 


were 


three cases from which ornithosis was 


isolated. Some of the results are sum 
marized in table 4 

It is seen that two of the three cases 
from which a virus was isolated and who 
recovered (cases 898 and 900) showed a 
4- to 8-fold rise in HI antibodies, with 
the Cl 


reaching a low titer (case 900); the third 


test remaining negative or 
case (996) failed to develop antibodies 
tests. Of the cases examined 
787) 


showed a significant rise in titer in both 


in both 


serologically only, one (case 


tests. In 4 cases of which a single serum 
sample only examined, titers of 
160 to 320 the HI 


test, accompanied in two cases by a 


was 
were observed in 
positive CF test. 

In order to evaluate the results of the 
HI test, 100 serums of normal healthy 
individuals were examined for HI anti- 
showed a 


bodies. It was found that 2% 


in cases of atypical pneum 


pted 

‘ pted 

Not attempted 

Not atte pted 

Not attempted 

Not attempted 
Positive 
Positive 


titer of 1:80; 6°, a 40 and the 


‘20 and lower. It 


titer of 1: 


rest titers of 1 there 
fore appears that titers above 1:80 are 
outside the normal range 

The 
children could not be traced, except in 
(996 


source ot intection tor these 


one case where pigeons which 


were kept by the family reacted posi 
tively with ornithosis antigen in the Cl 
test. In other cases there was no known 
Llowever, 


the 


contact with birds pigeon 


are found abundantly on roofs of 


jerusalem and must be considered a 
possible source of infection in all cases 
some data on the 


1 
In order to gain 


ornithosis infection in 
100 


vicinity of 


frequency of 


pigeons, T birds from different 


lofts in the our cases were 
bled from the wing vein and their blood 
examined, Twenty-five percent reacted 
positively with ornithosis antigen in the 
CF test 

hese findings suggest that infectior 
of pigeons with ornithosis virus is com 
mon in Jerusalem 

In order to examine the possibility of 
human to human transmission, serums 
of family members of patients were test 
ed for the presence of specific antibodic 
ind inquiries were made about the oc 
currence of respiratory or other diseases 
in the family. In two cases mothers com 
plained of a respiratory infection prior 
to the child’s illness. 

Serums of the parents of 5 positive 


cases were examined serologically. In 
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PasBLe § 


Parent 


Father 


9961 


* Fatal cam 
t Viru 
AC anticomplementary 


isolated 


four cases 


the 
antibodies (table 5). 


one of parents or both 
showed specific CF 

\s the complement fixing antigen is 
the 


psittacosis-LGV group, it is impossible 


common to various members of 


to relate these single serum titers with 


certainty to a recent ornithosis infec- 
stated, however, that 


LGV 


country 


tion. It can be 
virus are 
and Ch 
bodies to the group specific antigen are 


infections with vers 


rare in this anti 


found infrequently; the serums of nor- 
mal 63 adults, chosen at random, were 
recently tested with lygranum antigen. 
Only (6.3%) 


positive reaction If 


four serums showed a 


these facts are 


taken into consideration, the positive 


serological findings in four of five 


recognized ornithosis cases 


the 


parents of 


vain in significance and suggest 


occurrence of family infections 
DISCUSSION 


The indicate that 


contrary to prevalent opinion® ornitho- 


present findings 
sis infection in very young children and 
infants is not rare 

It is significant that more cases were 
diagnosed by virus isolation than by 
serological methods. Obviously the di- 
agnosis of ornithosis in young children 
should not be based on serological evi- 
only, and in suspected 


dence cases 


attempts should be made to isolate the 


Serological reactions in parents of children with ornithosis infection 


Serum taken 
after onset Respiratory disease f 
of child's before child's illne 


illness 


3 monthe Not known 


14 days 


None 


46 days Mother complained ot 


days before child's illnes 


25 days Mother had upper respiratory d 


fore child's birth (child one month 


causative agent. The amniotic route of 
inoculation proved to be a sensitive 
method for virus isolation. 

the 


members 


with 


The difficulties connected 
the 
of this group have been discussed by 


classification of various 
various authors.**'°"? The viruses iso- 
lated in the present work from patients 
ornithosis virus isolated 


and an from 


sick pigeons in Israel'* were indistin- 
guishable by all tests used 

A definite rise in the hemagglutina- 
tion inhibition titer was observed in 
three cases, of which only one (case 787) 
showed a concomitant rise in CF anti- 
bodies. In four other cases in which only 
a single sample of serum was available, 
titers of 160 to 320 were observed in H! 
tests, accompanied in 2 cases only by 
positive CF tests. These findings show 
that the HI test may be of diagnostic 


work on the. relative 


and HI 


value. Further 


sensitivity of the Cl tests is 


indicated. 
Antibody titers in the three cases 


which recovered and from which a 


17. Hilleman, M. R., Haig, D. A. and Helmond, 
R. J. 1951, In vivo and in vitro studies of 
serological specificity among viruses of 

the psittacosis-lymphogranuloma venereum 

group. J. Immunol. 68: 121-129 

Komarow, A. 1952, The 

isolation of the causative agent of ornithosis 


(psittacosis) in Israel. Harefuah, 43: 83-85 


and Goldsmit, L 
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virus was isolated were low or nega- 


tive. These findings may be due to the 
treatment” given 


intensive antibiotic 


to the children early in the disease, a 


point 
Siegel 


decline in antibody production during 


which was stressed already by 


and others, who noticed a 


the illness after intensive antibiotic 
treatment. 

In 5 out of 6 cases a direct contact 
with pigeons or other birds could not be 
996 


contact with piegons showing CF anti- 


demonstrated. In case indirect 


bodies for ornithosis virus was definitely 
possible, as the child had stayed for 
some time with relatives who kept 
pigeons found serologically positive. 
Serological studies carried out on 
blood from over 100 pigeons from differ- 
ent lofts in Jerusalem showed that 25% 
of the the Ck 


antigen prepared from ornithosis virus. 


serums reacted with 
he possibility must therefore be con- 
sidered that pigeons constitute a source 
of infection for humans. 

The question of human to human 
transmission in psittacosis has re- 
cently been discussed by Meyer,’ who 
that although the 
likely 


may be 


evidence is 
that 


spread 


states 


scarce, it seems human 


psittacosis through 
subclinically infected humans. The pres- 
ence of antibodies in the serums of the 
parents and a respiratory infection in 
children’s 


two mothers prior to their 


illness supports this suggestion 


SUMMARY 


1. Virus strains belonging to the psit- 


tacosis-lymphogranuloma group were 


isolated from 6 cases ol atypical pneu 


monia in children. Three strains were 
blood three 
material 
the 


ornithosis 


isolated from whole and 


from autopsy Among the 


criteria used for classification ol 


these strains as virus was 
their pathogenicity 
the 


their immunological relationship with 


for mice and pi 


geons by intracerebral route and 


ornithosis virus shown in cross protec- 


tion test. 
2. Inoculation of chick embryo by the 


amniotic route was found to be a sensi 


tive method for virus isolation 

3. Serological tests for ornithosis 
virus were carried out on a number of 
children with atypical pneumonia. In 
one concomitant rise in 


case a coMm- 


plement fixing and hemagglutination 
inhibiting antibodies was observed. In 


child), 


from whom a virus was isolated, there 


another case (one-month-old 
was a fourfold rise in hemagglutination 
the 


remained 


inhibiting antibodies only, while 


complement fixation — test 
negative. In 4 cases where only a single 
sample was available, titers of 160 to 
320 in hemagglutination inhibiting anti 
bodies were obtained, a range of titers 
not observed in normal serums. In two 
of these cases the complement fixation 
test was also positive, 

4. Antibodies specific for the psit- 
group 
found in the serums of four parents of 


tacosis-lymphogranuloma were 
these cases 

5. Over 100 pigeons from lofts in the 
vicinity of these cases were tested sero 
logically: 25% were found positive in 
the complement fixation test. 

The epidemiological significance of 


these findings is discussed 
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EVIDENCE OF TOXOPLASMOSIS IN ANIMALS 


AULISIO, AND J. M. MCCOWN 


From the Department of Virus and Rickettsial Diseases, Army Medical Service Graduate 
School, Walter Reed Army Medical Center, Washington 12, D. C 


Toxoplasmosis as a human disease 
was first demonstrated in 1939 by Wolf 
and his co-workers in New York.' These 
workers recovered an infectious agent 
from a fatal case of encephalomyelitis 
which was shown by animal inoculation 
and by serological tests to be a strain ol 
Toxoplasma gondi, a parasite first en- 
countered in African rodents by Nicolle 
in 1908.? The number of proved human 
cases reported to date are relatively few, 
numbering less than 50, However, on 


the 


basis of information 


obtained in 
serological surveys it 


that 


seems probable 
subclinical toxoplasmosis is a 
frequent occurrence affecting as many 
as 20 to 40% of the adult population in 
this country? 

the 
source of human infections, The para- 


Nothing conerete is known of 


site occurs in 


many mammals and in 


pigeons, as well as in arthropods.’ If 


animals are important in the epidemiol- 


Received for publication June 20, 1955 
Wolf, A., Cowen, D. and Paige, B. H. 


Human toxoplasmosis ; 


1939, 
occurrence in infants 
is an encephalomyelitis. Verilication by trans- 
Science, 89: 226-227 

1908, Sur une 
infection a corps de Leichman (ou organismes 
Acad. d. sci 


mission to animals 
Nicolle, C. and Manceaux, L 
voisins) du gondi 
147: 763-766. 

Feldman, H, A, 1953, The 
tions and laboratory diagnosis of toxoplas 
mosis. Am. J. Trop. Med, & Hyg. 2: 420-428 
Weinman, DD. 1952, 
Ann. Rev. Microbiol, 6: 281-298 

LeGac, P. and Gaillard, J. A. 1952, 


Mise en evidence de Toxoplasmes sur souris 


Compt. rend 


clinical manifesta- 


Toxopiasma and toxo- 
plasmesi 


( siroud, x 


inoculees Trombicula 


avec des broyats de 
oe gas (Mare Andre 1950) 
Lemnise »mys barbarus striatus et sur 
alberti 
Chari. Bul Sec 


recueillis sur 
VM ylomys 
cuninghay ‘et 


captures en Oubangui 


45: 449-451 


path exot 


ogy of human toxoplasmosis, it is well 
to have the 


hosts. 


information concerning 


incidence of infection in these 


This study was undertaken to obtain 


such information. 


MATERIALS AND METHODS 


Practically all the serums used in the current 
study were obtained from vertebrates found in 
the Middle Atlantic States 
from dogs on the day of delivery to the 
Medical Service School, 
areas in southern Pennsylvania, 
Washington, D. ¢ 
variety of wild animals caught in the Patuxent 
Refuge in Laurel, Maryland 


Serums were drawn 
Army 
Graduate 


from farm 


Irom pigeons 


trapped in and from a 


In addition, sera 
collected from rice rats trapped in the vicinity of 
Charleston, South Carolina, were also tested 
Complement-fixation texts employing overnight 
incubation at 4 C with 2 kinds of antigens pre 
pared from toxoplasma-infected chick embryos 
were performed to demonstrate antibody. The 
antigen used in the early tests was prepared from 
toxoplasma-infected choricallantoic membrane 
of chick embryos by the method of Warren and 
Russ.* This antigen is tedious to produce since 
the yield is generally small. Later it was found 
that an equally satisfactory antigen could be pre 
pared readily from the allantoic fluid of 9-day 
embryonated eggs infected by the allantoic route 
with the RH strain of toxoplasma. Six days after 
inoculation each egg yielded 5 to 10 ml of fluid 
which could be used at a 1:8 dilution to provide 
2 units of antigen. The potency of the antigen 
was preserved by lyophilization 
was employed in later tests 


| he new antigen 


In table 1 are shown results of tests comparing 
the activity of the new allantoi 
with the standard chorioallantoi 


fluid antigen 
membrane ex- 
tracted preparation. It is seen that the potency of 
the two antigens is similar. Further, essentially 
identical serum titers were obtained when toxo 


plasma immune guinea pig serum was tested with 


6. Warren, J. and Russ, S. B. 1948, Cultivation 
of Toxoplasma in embryonated eggs. An anti 
membrane 


Exper. Biol. & Med. 67: 85-89 


gen derived from chorio-allantoi 
Proc. Sox 
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PABLE 1 R ts of grid titrations to compare allantoic fluid tox 


allantoic membrane extract 


1:8 


* 


4 
‘ 
4 
‘ 


0 
0 


fixation of complement 
5, partial fixation; and 0, la 


9 — . 
the 2 preparations using 2 units of antigen in each to isolate Toxoplasma {rom brain and 


instance. Fixation was not obtained with eit 

‘ — ot obtained with either Visceral tissues of 2 dogs with serum 
titers of 1:64 and 1:128. The results of 

’ 


fixing antibody against distemper, mumps, herpe both attempts were negative 


antigen when tested against a series of dog and 


human serums known to contain complement 


and psittacosis viruses and epidemic typhus 


DISCUSSION 
rickettsia, as well as convalescent serums from 10 


patients with clinically diagnosed cat scratch 


It is possible that the complement 
fever 


nxing substances it serums reacting 
RESULTS with toxoplasma antigen are due to 
Complement-fixation tests for Toxo- Mlections with agents other than Toxo 
plasma were performed with serums of P4sma, but there is no evidence at 
426 animals belonging to 11 different hand tsuggesting that this is so. The 
species. The findings summarized i only organism demonstrated to be 
table 2 show that 25% of 180 dogs and antigenically related to Toxoplasma i 
19% of 107 wild rabbits had detectable Sarcocyst Phe positive serums in the 
antibody, but such antibody was not Current study have not been tested 
found in the serums of the remaining @4!Nst Sarcocystis antigen since this 
animal species. It will be noted further material was not available. However, it 
that antibody titers in the positive has been demonstrated by others*® that 
serums were appreciable, ranging from Muhlpfordt 
1:8 to 1:128 poridier 


A serum titer of the order of 1:128 loxoplasmose nach 
lropenmed. lar 
\w ad I 


Dil § 4 


suggested to us that infection with 
Toxoplasma in the serologically positive 
animal might have been of recent origin 


/ lene 


In this connection attempts were made Med. & Hyg. 48: 


TABLE 2 loxopla ma complement-fixing a 


Dp oe oe ee oe 


Ae ee nwn& = 
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the toxoplasma complement-fixing re- 
action, unlike the dye test of Sabin and 
Feldman,* does not give positive results 
with sarcocystis serums. It may be men- 
tioned here that complement-fixing an 
tibody against Toxoplasma was present 
1 of 9 
men who regularly handle dogs at the 
Army Medical Service Graduate School, 
but 


at a titer of 1:8 in the serum of 


such antibody was not present in 
38% serums obtained from normal 


the Washington The 


complement- 


any ol 
adults in area. 
absence of toxoplasma 
fixing antibody in the serums of the 38 
normal adults is not unusual in light of 
the observation of Feldman of wide 
variation in the incidence of toxoplasma 
dye 
tion oi 


Jane obs 
per ted cat 


test antibody in the adult popula- 


different geographic regions.’ 


studied serums from 28 sus- 


scratch fever patients and 


found 2 with significantly high toxo- 


plasma dye test antibody titers: from 


the enlarged axillary lymph gland of 
one of these patients toxoplasmas were 
recovered,'® Among 10 patients in our 
series with clinically diagnosed cat 
scratch fever none had detectable com- 
plement-fixing antibody against Toxo 
These not ex 
amined by the 


Nevertheless, it 


plasma serums were 


dye test tec hnique. 
that 


etiologically 


appears toxo- 


plasmas were not 
the 
lf the complement-fixing 
the 


indicates experience with Toxoplasma, 


con- 


cerned with illnesses in our cases. 


antibody 
demonstrated in animal serums 
then infection is extremely common in 


dogs and only slightly less so in wild 


1948, Dyes 


new im 


9. Sabin, A 


is microchemical 


B and he ldman, H \ 
indicators of a 
phenomenon affecting a 

parasite (Toxoplasma), Science, 108: 660 663 
and MacMurray, F. G. 1953, 


recovery of Toxo- 


munity protozoan 
Armstrong, ¢ 

Toxoplasmosis found by 
plasma gondii from excised axillary gland. 


J.A.M.A, 151: 1103-1104 


G. AULISIO, AND J 


M. McCown 


the 
serums of other animals included in the 


rabbits. Absence of antibody in 
tests does not, of course, mean that in- 
fection may not be of frequent occur- 
rence in these species also. Indeed, 
spontaneous toxoplasma infection has 
been demonstrated in at least one of 
these spec ies by Jae obs who isolated the 
parasite from pigeons trapped in the 
Washington area 

The question as to the mechanism of 
spread of infection from animal to man 


Wein 


toxo 


or vice versa is still unanswered 


man has shown recently that 


plasmosis may be transmitted to pigs 


and rats by feeding upon infected 


tissues.’ These results suggested to 


Weinman that man may acquire infec- 
tion from inadequately cooked pork 
in much the same manner as trichinosis 
Such an 


might account for the reactions for the 


is contracted. explanation 
positive results in our dogs but seems 
unlikely when applied to the rabbits 
Some other means, in addition to oral 
infection, probably is active in nature 


by which toxoplasmas are disseminated 


SUMMARY 


It has been demonstrated that allan- 
toic fluid of toxoplasma infected chick 
embryos contains substances which fix 
complement with 


specifically toxo- 


plasma immune serum. Further, it 
appears on the basis of serological data 
that toxoplasma infection occurs in an 


appreciable number of dogs and wild 


rabbits found in portions of the middle 
Atlantic states 


11. Jacobs, L., 


1952 


Melton, M. L. and Jone F. | 

Che prevalence of toxoplasmosis in wild 
pigeons. J. Parasitol. 38: 457-461 

12. Weinman, D Chandler, A. H. 1954, 


loxoplasmosis in swine and rodents. Recipro 


and 


cal oral infection and potential human hazard 
Proc. Soc. Exper. Biol. & Med. 87: 211-216. 





THE COMPARATIVE PATHOLOGY OF VENEZUELAN 
EQUINE ENCEPHALOMYELITIS 


JOSEPH VICTOR,* DOROTHY G. SMITH, AND ABOU D. POLLACKT 
From Camp Detrick, Frederick, Maryland 


These investigations are concerned patches; adrenal, kidney, parathyroid, pit 
the bone marrow, eves, and retro-orbital ti ri 


with the pathological effects of 
js 8 central nervou ystem, mcluding cerebral cor 
Venezuelan equine encephalomyelitis 

: 7 ‘ : ’ thalamus, pon medulla and thoraci 
VEE) virus in mice, guinea pigs, rab- cord, Except for the nervous system and 


bits and monkeys (Macacus rhesus). all tissues were fixed in Zenker’s fluid 
The only other des ription ol patho- ue was fixed in 10% formalin, bone 


4 s > , ° 1 4¢ ‘ wot > f ‘) cle 
logical changes in VEE is that of Gil- i" Bouin's, and bone of other spe 
, , , ° formalin. Decalcilication of bone 
yard,' who studied the disease in the bas 

é mals was performed with 5% nitri 

mule. The unusual finding revealed by fixed and the decalcified tissues wer 
the present studies on the comparative hematoxylin and eosin. The others were staine: 
pathology is that a virus may produce with a modified Lillie-Giemsa method 
generalized necrosis of myeloid and 
; RESULTS 
lymphoid tissues, as severe as that ob- 
served following intense radiation, and Dosage, route of administration, im 


that the same virus mav be both M™uniration procedures, survival in day 


lymphomyelotropic and neurotropic in and incidence of significant lesions for 


different hosts guinea pig, rabbit, mouse and monkey 
are recorded in table 1 


METHODS 
Lesions in guinea pigs after infection 
Animals infected by injection of or by exposure 1} j P } 
Wh CHICR emoryo prown ru 
to an aerosol containing VE virus which had - ' ll. . : 
been propagated in chick embryo were examined \fter death from infection with VEI 


after dying or after being sacrificed when they 

go — virus, all lymph tissues and nodes were 
urvived exposure. Virus in the blood of human 
congested, red, soft, and onl lightly 
patients or of guinea pigs was also injected into : 
guinea pigs or mice. Tissues examined included enlarged. Necrosis was widespread is 
heart, great vessels, such as aorta and pulmonary lymphoid and myeloid tissue of all 


vein, lungs, spleen; lymph nodes or lymphatic lymph nodes, spleen, thymus, intest il 
tissue from the eyelid, neck, trachea, bronchi, and conjuctival lymphoid tissue, and 
‘ ‘ ; } > 

axilla, groin, and mesentery, as well as Peyer' 
bone marrow (pl. la, 1b, 2a, 2b, 3b, and 


~ . . . ' ‘ j 
Received for publication June 26, 1955 4 Ihe spleen was slight] enlarged 


lhe authors wish to acknowledge the assistance deeply cyanotu ind = turgid Micro 
of Mr. E. L. Neff and his associates, Camp Det scopicalls , sinusoids were empt ind 
rick, Frederick, Maryland, in conducting the 
ac rosol experit ents 

* Deceased, July 2, 1954 

t Present address: Departments of Pathology) 


Baltimore City Hospitals and The Johns Hopkins ian follicles’ showed central necrosis (pl 


the pulp cords were heavily engorged b 
red blood cells Almost no white blood 
cells were present pl sa The AY ipigh 


University, School of Medicine sJaltimore, th). The spleen resembled the active 

Mar. land 

1, Gilyard, R. T. 1945, Clinical study of Vénezue 
lan virus of equine encephalomyelitis i 
lrinidad, B.W.1. J. Am. Vet. Med. Assoc. 106: "ecrosis in the Malpighian follicles 


267-277. Encephalomyelitis was never found 


hyperemia seen in congenital hemolytic 


anemia of humans, except for th 
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TABLE 1 


Number [mmuniz Dose 


Rabbit 


Moun 


Monkey 


Route of 
infection 


Respiratory 


Subcutaneous 


Intraperitoneal 
Respiratory 


Kespiratory 
Intraperitoneal 


Respiratory 
Subcutaneous 
Intraperitoneal 
Intracerebral 


ot ing 
animals dose 


1.0 
0.1 
0.01 
0.001 


1.0 


mouse I( 


Doe 


57 ,550 
57,550 
8,900 

57,550 
57 ,550 
50 ,000 
50 000 
10 


19 800 


1,080 
1,000 
1,000 
10 000 


* Three of 5 mice showed lymph node and splenic necrosis 
except in 1 of 78 immunized and sub- 
sequently infected guinea pigs, the re- 
mainder surviving without lesions. This 
guinea pig had been immunized by in- 
tradermal injections of 0.1 ml of 1:10 
dilution of VEE vaccine?’ at 3 weekly in- 
tervals. Death with encephalomyelitis 


occurred 8 days after infection by 
aerosol. Atrophy of the lymph nodes, 
spleen and bone marrow were the only 


other lesions 


Blood count changes in guinea pigs 
after infection with chick embryo 
grown virus 
Because of 
the 


the extensive necrosis in 


hematopoietic hemato- 


system, 
logical studies were made in guinea pigs 
infected with VEE virus. The virus was 
injected subcutaneously in a dose of 104 
mouse IC LDgo’s into vaccinated and 
normal guinea pigs. Before and at daily 
intervals after injection, red blood cell, 
white blood cell and differential leuco- 
cyte counts were determined. Figure 1 
records the results of the changes in 
white blood cell Initially the 


white blood cell counts ranged from 


counts. 


2. Randall, R., Mills, J. W. and Engel, L. L 
1947, The preparation and properties of a 
purified equine encephalomyelitis vaccine. ] 
Immunol. 55: 41-52 


Lesions of VEE infection in guinea pigs, mice, rabbits and monkey 


Days Ratio showing lesior 


Lymph Bone 
‘ 4 Splee 

Sacri node plee rs marrow 
ficed necrosis 


necrosis ne 


Enceph 
alomye 
t 


Sur 
vival 
crosis 
5-6, 12 18 18/18 0/18 
2 0/2 

1 0/1 
5 
2 


, 
% 


10/10 0/10 
0/3 
46 


0 0/1 
0 0/1 
o/1 o/1 
o/1 o/1 


0/1 
0/1 


The other 2 had only encephalomyelitis 


4900 to 14,400/cmm. On the second 
day after infection with VEE virus, all 
infected guinea pigs showed a sharp de- 
crease in white blood cells, the total 
count ranging from 800 to 2800/cmm, 
the low counts persisting until death 
The absolute number of lymphocytes 
decreased significantly on the 1st day, 
while the number of polymorphonuclear 
On the 
polymorphonuclear 


leucocytes increased slightly 
2nd both 
neutrophils and lymphocytes decreased. 
The infected animals died in 3 to 4 days 
The immunized guinea pigs did not die 


day, 


and showed either no change in white 


blood cell count or an increase for only 
the first 2 days. No changes in red blood 


© (IMMUNIZED 
* EXPERIMENTAL 


1000 x WHITE BLOOD CELLS 


% 
2 
DAYS AFTER INFECTION 


Fic. 1. 


of guinea pigs with Venezuelan equine encephalo 
myelitis virus. 


White blood cell counts after infection 





VENEZUELAN EQUINI 


ENCEPHALOMYELITIS 


efit ik:* 
7. «* wv s, 3 on] 
ft ef are’, sv 
nph 


| 
onle ,ecro 


the 
cell counts occurred 


‘ ither 
| hese hem itolog ! 


yroup The extraordinar n white 


3 CO blood cells appears to be characteristic 
findings that of VEE infecti 
| mphoid and mM eloid diagnosti 
yuinea pi b VEI 
fection decreased the circulating 


blood ce lls “ ith 


decre ime j 
cal observation 


firm the pathological 


on, and would be a useful 
destruction of and experiment | test for 
elements of the obtaining evidence of the infection mn 


waiting 3 to 7 davs 
for death of the host 


white 2 days 


instead of 
2 days after infectior 
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PLATE 2a (top).-Guinea pig 51-147. Peyer's patch. Necrosis of lymphocytes. Capillary congestion 
and intact mucosa and stromal cells are evident. Giemsa stain. 190 


’b (bottom Guinea pig 51-147. Mucosal and lymphoid junction of held illustrated above. 420 


Lesions in the mouse infected with showed encephalomyelitis and atrophy 
chick embryo grown virus of the lymphoid tissues as evidenced by 
Mice dying 4 to 5 days after infection shrunken lymph nodes having reduced 


with virus showed lesions involving "umber of lymphocytes and follicles. 


lymphoid and myeloid tissues essen- Encephalomyelitis was characterized 


tially like those in the guinea pig and by perivascular infiltration of lymphoid 


rabbit (table 1). At 6 days, 2 of 5 and polymorphonuclear leucocytes in 





VENEZUELAN EQUINE ENCEPHALOMYELITIS 


"sO." 2%8 « 
ae 


ey 


PLAT! top (suinea pig 51-147 Splees Hemorrhage « 
nd \lmost no leucocytes in the pulp (s,1emsa sta 190 
sh (bottom Csuinea pig 51-147 Splee Necro he verm ( te fa Malpigh i 


175 


all parts of the central nervous sytem cytosis ol the cell by pol morpho 
(pl. 5, 6, and 7). However, most of the nuclear and mononuclear leucocytes 
lesions occurred in the cerebral cortex plaques of degenerating pale staining 
in both yrey and white matter and in nerve cells with deere ised Nissl sub 
the pons Other lesions were necrosis of stance in both cortex and spinal cord 


nerve cells with shrinl ivé ind phago i ad plaque | | filty if (i necroth 
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we 


Plate 4. Guinea pig 51-307, Necrosis in subconjunctival lymphatic nodule. Giemsa stain. 190 


PLATE § Mouse 52-297, Brain. Cerebral cortex. Engorgement of capillaries and small blood 
vessels, infiltration by round cells and neutrophils, and shrinkage of ganglion cells with edema space 


about them, Giemsa stain, 190 
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PLATE 9 Rabbit 51-218. Bone marre 





VENEZUEI 


leucocytes mn both yre\ and white 


matter of brain and cord 


Le ion 


in rabbit infected with chick 
embr YO grown viru 

Rabbits died 2 to 
tion with VEI 


similar 


4 days after infec 


Virus The lesions 


were 


to those of the guinea pig, with 


extensive necrosis ol and 


lhe 


S.A Te is 


lymphoid 


mveloid tissues pl 8 and 9 


splenic changes were ilso the 


those observed HW the yuinea pig 


Lesions in monkey infected with chick 


embryo grown viru 


hive monkeys infected iW 
ited in table 1 
None died but the 


sacrificed ‘ to 51 days 


different 


, 
Ways, 1nd 


hee ame ill for 


about 6 to & days 


were alter 
exposure. All showed encephalitis with 
the most extensive 
None had changes in the 
Swelling ‘of 
blood 


ind perivascular infiltration by 


lesions in the oldest 


CASE spinal 
| 


cord 


endothelium lining 


small vessels, mainly capillaries 


MONO 


$2 1356.88 iin. Perivascular masee 


erating ¢ inghon cell 


AN EQUINI 


ind edema 


kNCEPHALOMYELITIS 


cells 


dominant 


nuclear with seant cytoplasm 


were the changes pl 10 In 


some instances the infiltrated areas were 


cells 


and 


circular nodules of 


mionomue le ar 


resembling «i granuloma 


\trophy 


degeneration with 


multiplication o 


sarcolemma nuclei was found in the 


sartorius muscle of one monkey, 9 days 


atte: intraperitoneal myection ol 


IP LD 


1000 


yuinea pig 


hlood of 


Vick viru 


Infection produced by mammal 


infected with 

The 
Wiice and yuliliea pry ~ 
propagated V1 | 


the « xperiments ¢ ited above 


incidence of encephalomyelitis in 
infected with egg 
virus low mw 


Was Vcr\ 


Hlowe Vel 
the blood of 


with V1 ky 


encephalomyelitis 5 to 6 


5S humans ill alter injection 


iccine® uniformly produced 
days alter 


intraperitoneal injection mi mice 


Brooke, C. C. 1954, Ve 
ncephalom elity cue to 


\.M.A. 155: 1473-1476 


clear and | mphoid cell endo 


(,1emsa 


1erosol exposure tain 
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In order to test the effect of viru 


grown if} mammals, further observa 


tions were obtained from mice or guinea 
pigs injected intraperitoneally with in 


blood It 


possible that consistent production of 


fected guinea pig seemed 


encephalomyelitis in mice might depend 


upon the mode of propagation of the 


virus. The following experiments dem 


onstrate that the occurrence ol 


encephalomyelitis depended not only on 
method of 


host and the 


the 


the ree iptent 


propagation of virus, but also on 


the survival interval after infection 
Kincephalomyelitis produced in mice 
by injection of guinea pig blood 


VEE viru 


infected with 


(suinea pigs were inoculated intra 


peritoneally with chick embryo grown 
Viel Blood 


and 51 hours after inoculation to obtain 


virus was collected at 15 


trace and high titered virus samples, 
respectively. These two blood samples 
were passed in parallel 


alls nto 


intraperitone 


yuinea pigs and titrated in 


mice, This procedure was repeated for 6 


serial passages from guinea pig to 


yuinea pig, with titration in mice at each 
passage. Pathological studies were made 
of the guinea pigs and mice from the 15 
Phe 51-hour 
infections, All 


15-hour 


hour passage series series 
produced overwhelming 
the guinea pigs m the series 
showed the same lymphoid and myeloid 
Phere 
was no em ephalomyelitis On the other 
hand the 


ee phalomyelitis 


change as previously described 


titration mice showed en 


and lymphoid = and 
splenic changes as indicated in table 2. 
Encephalomyelitis appeared more reg 
ularly 6 days or more after infection, 
whereas ly mphoid and splenic changes, 
either necrosis or atrophy, were not as 
frequent as en ephalomyelitis Further- 
more, 


ble vl 


encephalomyelitis than was noted with 


with passage through guinea pig 


there was a higher incidence of 


chick embryo grown virus. 


SMITH, 


AnD Anou D. PoLLAcK 


LABLE 2 


Vouse 


plenic necro 


ence pnratom ye 


and uv alropny att 


noculation th blood of 


niected th | 


Lesions in guinea pigs after injection 
with guinea pig blood infected with 
Vik viru 

\ll ol & guinea Pigs Ino¢ ulated intra 
peritoneally with chick embryo grown 


VEI 


oid and mveloid necrosis 


showed the characteristic lymph 


engorgement 


in the splenic pulp and empty spleni 


sinusoids noted above. In the 6 con 
SC utive guinea Pig passages with yuinea 
the series 34 


ilter 


pig blood from 15-hour 


animals dying in 2 to 5 days intra 
peritoneal injection showed no signi 
from. those 


differences in lesions 


icant 


observed in guinea pigs infected 


Hlowever, 11 


showed 


with embrvo grown virus 
of the 34 


hemorrhages, most 


guinea pigs idrenal 


severe in the zona 


intermedia, and occasionally necrosis 


of adrenal cortical cells in the hemor 


rhagic areas 


In only 9 guinea pigs was 
elid and 


this lymphoid tissue invariably showed 


lymphoid tissue found in the ey 


necrosis similar to that 


occurring in 
lymph nodes 
DISCUSSION 


\ comparative study of the 
logical effects of VEI 


equULVoK al Viscerotropi 


p itho 
virus shows un 
effects of this 


agent on the lymphomyelopoietic sys 





VENEZUELAN EQUINI 


aerosol infection with VE 


Sacrificed 


days 


Rabbit 


Mouse 1.3K108 


Monkey 1.05 x10"* 
* The smallest vol d was 1.05 X10" mo 


than this value 


me IC LD 


tems of the guinea pig and rabbit and 
neurotropi the mouse 
the 
inoculation. So far as we are 


effects in and 


monkey independent ol route ofl 
aware, 
such a sharp distinction of effects of a 
virus has not been seen or recognized, 
fully the 


viscerotropic and neurotropic properties 


although we are aware of 


of the yellow fever virus. The effects of 
the yellow fever virus depend on the 
site of injection of the virus and not 
upon the natural propagation of it in 
the host. 

Spe ies differences are found also in 


sensitivity to 


infection by various 


routes. In special studies by one of us 
(D.G.S.), LDs5o for the 
rabbit found to be 14 


1D 50's for the guinea pig 30, and for the 


the respiratory 
was mouse I¢ 
mouse 1370. The monkey has also been 


infected by the aerosol route with an 
inhaled dose equivalent to 1050 mouse 
IC LDsgo’s. 
respiratory 


the ID, 


lowet 


Since this was the smailest 


dose tested in monkeys, 
for this species may be much 
Thus, the monkey appears to be 
more sensitive than the mouse. In spite 
of an apparent greater susceptibility 
of the monkey to aerosol infection, the 
infection by any 


monkey survives 


whereas the invariably 
The 


appears to be 


the 


route, mouse 


succumbs infectious dose, there 
unrelated to the 


but 


fore, 


size of animal host, directly 


4. Theiler, M. 1930 


, 
yellow fever viru 


Studies on the action of 


in mice. Ann. Trop. Med. & 


Parasitol. 24: 249-272 


ENCEPHALOMYELITIS 


irus im mouse, guinea pig, rabbit and monkey 


Encephalo 
myelitis 


tive hyperem 


related to the host 


The lethal 


dose also depends upon the host species 


spec ics 


and not on the infectious dose. 

The different types of lesions found in 
the different (table 3) 
related to the duration of survival after 
infection. that 


guinea pigs and rabbits showing exten 


spec ics may be 


There ts a_ possibility 


sive necrosis of the lymphomyelopoietic 
did 


develop lesions in the central nervous 


system not live long enough to 


system. Only 1 of 78 guinea pigs, in 
fected subsequent to vaccination, devel 
oped encephalitis and this animal also 
The 


Was 


had the longest survival period 
incidence’ of 


the 


ene ephalom yelitis 


greater in mice with the longest 


survival Furthermore, 


alter infection 
mice dying early, 4 to 5 days, had more 
the 


necrosis of lymphom yelopoietic 


In the 


fever, 


system than those living longer 
although — ill 


ane 
anorexia, tremors and convulsions last 


monkey, with 
ing up to 6 days after infection, leuco 
Whether 
undergoes a 


the 


penia was not observed 


the 


monkey also 


cycle of 


necrosis ot lymphom yelopoietic« 


tissue in the early stages of infection 


remains to be determined. The occur 
rence of central nervous system lesions 


seems, therefore, to be 


related 
survival period alter infections 


to the 


SUMMARY AND CONCLUSIONS 


Venezuelan equine encephalitis virus 
infects the mouse, guinea pig, rabbit and 


monke\ The first three species are 





66 losers 


Victor, Dorotuy G 


invariably killed by the infection, but 


monkeys survive. The survival periods 
ho 


the rabbit, guinea pig, mouse and 


monkey inerease in the order cited. 
infected monkeys have been studied 8 
to 51 days after exposure, and all had to 
be sacrificed for autopsies 

Pathological changes are found in the 
lymphomyelopoietic and central nerv- 
ous systems. The guinea pig and rabbit 
show changes only in the former, the 
mouse in both, and the monkey only in 
the latter The 


lesions consist of necrosis of all lymph- 


lymphom yelopoieti 


oid and myeloid tissues, with a unique 


lesion in the spleen characterized by 
empty sinusoids, severe congestion in 
the pulp cords and necrosis of Malpigh- 
ian follicles. Encephalomyelitis consists 
of perivascular infiltrations in all parts 
of the brain and spinal cord, but most 
frequently in the grey matter. Necrosis, 


shrinking and 


phagocytosis of nerve 


Smitu, AND ABou D. PoLLACK 
cells occur occasionally 


found 8 to 51 


Encephalitis is 
infection in 
the 


days after 


monkeys. In mice dying of infec 


tion, encephalomyelitis increases in 


frequency and severity after 5 days, 
when the necrosis of the lymphomyelo- 
poietic tissues decreases. The largest 
brain lesions occur in the monkey, 


to be 


yet 


these are too small detected 


grossly. 
The blood of 


extreme leucopenia 2 


the guinea shows 


pig 


days after sub 


cutaneous injection of the virus 


Comparative pathologic studies of 


infection with this virus re 
that ly 


veal the un- 


usual observation 


mphomyelo 
poietic necrosis is caused in the guinea 
pig, rabbit, and mouse, while encephalo- 
myelitis is produced in the mouse and 
monkey. The infectious and the lethal 
doses appear to be unrelated to the size 
of the animal host, but directly related 


to the host spec ies. 
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Hamilton, 


Since Parker, Spencer and 
(1924) reported the 
Pasteurella tularensis 
fected 


Fran is 
ot 


in 


transmission 
by naturally 
Dermacentor andersoni, numer- 


ous articles on infection in or trans 
mission by different species of ixodid 
A detailed 
review of the literature was presented 
Steinhaus (1946) and 
studies are reviewed in the publication 
of Hopla (1953). 

Concerning infection of argasid ticks 
Past. 
articles appear in the literature despite 
the fact that 


birds which are known to be naturally in 


ticks have been published. 


by more recent 


with tularensis, Xowever, few 


numerous mammals and 


fected with Past. tularensis 
et al, 
ticks, especially of the genus Ornitho- 
doros. Kamil and Bilal (1938) reported 
Past 
jp rimentally infected Ornithodoros laho 
Davis (1940), in studies of ticks 
he genus Ornithodoros as potential 
ol 
found that Past. tularensis may persist 
the O. turicata and O. 
parkeri for at least 674 days and 701 


days, respectively. In no instance, how- 


(Burroughs 
1945) serve as hosts of argasid 


transmission of tularensis by ex 


rensts 
ol 
vectors various 


infectious agents, 


in tissues of 


ever, did the ticks transmit the organ 


isms during their process of feeding 
The same author (Davis, 1945) stated 
that Past. tularensis may be transmitted 
experimentally by O. moubata. The in 
fection proved to be fatal for ticks of 
this species as well as for O. nicollet, in 
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Montana 


which the organisms persisted for 207 
days (Davis, 1943). 

Recently Pickens 
(1954) reported preliminary results on 
the ) 


Burgdorfer and 


and O 


he ticks 


were infected by feeding on the air-sac 


infection of moubata 


turicata with Past. tularensis 
membrane of inoculated embryonated 
chicken eggs. The organisms not onl) 
the 
more than 200 days, 


persisted in ticks for a period of 
but they were also 
ejected with the coxal fluids during the 
feeding process ol the ticks. Since the 
publication of these observations, trans 
mission experiments with the same lots 
ol soth 


species of ticks were able to transmit 


ticks have been carried out 
the agent to Swiss mice on which they 
were plac ed for feeding, but the observa 
that Past 


harmful and 


tion tularenst 


infection 1s 
fatal the 
ticks could not be confirmed 


ultimately to 


In view of these findings, it seemed 


probable that argasid ticks, especially 
ol 


in the maintenance 


those of the genus Ornithodoros, were 
greater importance 
and distribution of tularemia in nature 
than In 


to obtain more evidence on the accurac 


is generally presumed ordet 


of this opinion, a series of experiments 


was conducted in which Ornithodoros 


ticks were infected with Past. tularensis 
The ticks were tested for their ability to 


ingest, preserve and transmit the or 


ganisms. It is the purpose of this paper 


to present the results of these studi 


MATERIAL AND METHODS 


Orntithodoro 


parkeri and O 


(Africa), O 


(We 


moubala turicala 


hermsi tern ft S 





6% 


Fic, | 
lularensi 
Fic, 2 
Fic. 3 
Fic. 4 
x25 


X55 


were reared at the Kocky Mountain Laboratory, 
were infected with strains Nevada 14 and Schu 
SD of Past. tularensis. Nevada 14 was isolated 
from a hare (Lepus californicus) in 1951, and has 
since been used in the laboratory for experimental 
Schu SD 
1941 


virulence that one viable organism was sufficient 


studies; strain was isolated from a 


finger ulcer in Both strains were of such 
to kill a white mouse by intraperitoneal inocula- 
tion 

One hundred and filty O. moubata, 4th nymphal 
100 O. parkeri, 4th nymphal stage, 200 
O. turicata, 2nd nymphal stage and approxi 
mately 200 O. hermsi in the second nymphal stage 


stage, 


were infected by feeding on mice which previously 
were inoculated intraperitoneally with 0.2 ml of a 
suspension of Nevada 14, 


10°* to 10 One hundred and fifteen O, moubata 


strain diiuted from 
in the 4th nymphal stage were similarly infected 
with Past strain Schu SD. In all in 
blood donors 
tail blood smears 
ticks 
After the 
were placed in glass 


tularensis, 


stances, bacteremia in the 


was 
confirmed by examination of 


tained by Giemsa's method, before the 


were placed on the mice for feeding 
ticks had engorged, they 
vials and held at room temperature in desiccator 
jars in which a relative humidity of 78 to 80% 
was maintained 

The development of Past. tularensis in the ticks 
was followed by various techniques. The ques- 
tion of whether the agent develops in the gut 
tissues only 
tick examining the 
hemolymph of ticks during the first 20 days of 


, or invades the body cavity and the 


organs, was clarified by 


infection. This fluid was obtained by amputating 
the distal portion of the legs. In addition, anal 
excretions and coxal fluids, obtained by irritating 
the ventral side of the ticks with forceps, were 
examined from time to time for the presence of 
tularemia organisms. Smears were prepared from 
fluids, 
examined microscopically 
fluids 


these stained by Giemsa's method and 


In many instances the 
were 


also cultured in order to confirm 


Past. tularensis in the tissue of a salivary gland of O. moubata 
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Section of midgut of O. moubata, Marked area shows epithelial cells distended with Past 


High power magnification of area marked in figure 1. X 500. 
Past. tularensis in the hemolymph of O. turicata; blood cell packed with organisms. «750 


Salivary gland of O. moubata. See marked area under high power magnification in figure 5 


microscopic observations. At 


after the infectious blood 


varying intervals, 
meal, serial sections 
were prepared from tick organs. The ticks were 
dissected* and their tissues fixed in neutral buf 
fered 10% formalin. Paraffin sections, 3 to 5 4 
thick, were stained with buffered azure-eosinate 
after the method of Lillie (1948). In order to test 
the ability of the ticks to transmit Past. tularensi 
during their feedings, ticks were fed individually 
or in lots of 2 to 5 on normal Swiss mice 


RESULTS 


The development of Past. tularensis 
in the ticks was followed for 450 days 
The data obtained with the different 
species of ticks were similar and, there- 
fore, together. With 
the infectious blood the bacteria arrive 
in the diverticula of the midgut where 
they invade the ameboic epithelial cells 
of the gut wall. In the cytoplasm of 
these cells a 


are summarized 


multiplication of the 
takes forming dis- 
tended, swollen cells, which eventually 


organisms place, 
rupture and discharge their contents in- 
to either the gut lumen or the body 
cavity (fig. 1 and 2). 

Between infected which 
masses of organisms can be seen, there 
are always normal epithelial cells with- 
out any bacteria. The discharge of the 
organisms into the body cavity prob- 


cells, in 


ably occurs during the first days of in- 
fection, as the hemolymph of numerous 


* A detailed description and illustration of the 
anatomy of O. 
Burgdorfer (1951) 


moubala was presented by 


* 1000 
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Section of M ipighian tubule of O. moubata showing 


\rea marked in tiwure 6 seen under high power magnilicatior 
hu s ast ularensis in the anal excretions of O 
hv )) 


moubata. * 500 
through the tubular 


' 


ystem ol the coxal or 


we il as it 


laremila org 


Fic. 10 


va ot ©) 
een in the lumen a 


the walls of the tubule 
rough the 


filtration chamber of the coxal organ of O 


fular 


moult 


coxal fluid of O. parkert 


x 750 





ARGASID Ticks AS VECTORS OF TULAREMIA 


Presence of Past. tularensis in the coxal fluids of O. moubata, O. turicata and 
Q. parkeri after ingestion of an infective blood meal 


Strain of Days after Number Positive coxal fluid 
“Ww ifectious of ticks 
Past. t nsis ome 
muheunendt feeding tested Number Percent 
Schu SD 10 sO 0 0 
54 ” 12 Th 
62 65 18 2 
119 50 6 
210 sO “4 


Nevada 14 15 SO 
42 sO 

112 w 

29 

Nevada 14 Z 50 
) 50 

w 

w 


Nevada 14 100 
100 
160 
138 


ticks showed masses of Past. tularensis epithelial cells of the Malpighian 
as eariy as 10 days after the ticks had tubules and rectal ampules, espec ially, 
engorged upon the infected mice (fig. 3 are packed with bacteria, seen in serial 
No evidence could be found that the tis sections as blue-stained areas (hg. 6 and 
sues of the gut wall became free of these 7), which are easily detectable under 
bacteria with increased duration of in- the low power microscope. Bacilli were 


fection: distended epitieliai cells, packed also found in the lumen of the excretory 


with morphoolgically typical bacilli, system; therefore, it was not surprising 
were still present in the gut tissue, even to find that the anal excretions of ticks, 


after several feedings of the ticks on nor especially of O. moubata, contained 
mal mice 


masses of organisms (fig. 8). A very 
Anal excretions or “feces’’ of O. heavy concentration of bacteria was 
turicata, O. parkeri and O. hermsit were’ observed in the tissues of the coxal 
found to contain Past. tularensisasearly organs, which consist of a filtration 
al 
infectious mouse blood. They proved system of tubules which leads to the 
to be infectious during the entire pe- external opening. The findings of organ 


riod of study. In the case of O. moubata, isms in the walls and lumen of these 


as 30 days after the ticks ingested the chamber, an accessory gland and 


the anal excretions cannot be con-_ tubules (fig. 9 and 10), suggested that 
sidered as feces, since the midgut of the agent was present also in the 
this tick is actually a blind sac, without ejected coxal fluids. Therefore, at differ 
connection to the hind gut or rectal ent intervals after the ticks ingested the 
ampules. The anal products are excre- infectious blood, the coxal fluids of O 
tions from the rectal ampules, and the moubata, O. turicata and O. parkeri were 
latter are entered only by the Malpigh examined microscopically. The results 


ian tubules are summarized in table 1. Only the 
Following the discharge of Past. fluids of ticks which ejected large 
tularensis into the body cavity, an masses of tularemia bacilli, as shown, 


invasion of the salivary glands (fig. 
. 
“ : A detailed description of the infection of the 
4 and 5), central ganglion, coxal organs 
genital organs will be presented in a separat 
. > . 7 * . 
ind tissues of the genital,” as well as paper on ovarial transmission of Past, tularensi 


excretory systems takes plac e The in tick vector 
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for instance, in figure 11, are reported 
as positive. The actual proportion ol 
ticks fluids 
must be much higher, as 


ejecting infectious coxal 
considered 
small numbers of organisms are not 
detectable by routine microscopic exami- 


nation 


TRANSMISSION EXPERIMENTS 


Theoretically, O. moubata, O. 
and QO, 
Past. tularensis by (a) bite, i.e. by in- 


luri- 


cata, parkeri could transmit 
jecting infectious saliva, (b) contamina- 
tion of the bite wounds with infectious 
coxal fluids ejected shortly before the 
ticks finish feeding, and (c) contamina- 
tion of the bite wounds with infectious 
the 


hermsi, the second possibility must be 


anal excretions. In case of O. 
eliminated as this tick’s coxal fluids dry 
the 


external openings of the coxal organs, 


out as soon as they appear on 
where they are usually found in the 
form of white crystalline deposits. 
Since Past. tularensis is present in 
the tissues of the salivary glands, in 
the ejected coxal fluids and in the anal 


excretions of the ticks, transmissions 


LABLEe 2 


during the feedings could be expected. 
A total of 472 transmission experiments 
different 
after the ticks ingested the infectious 


was performed at intervals 
blood. Ticks were fed individually or in 
lots of 2 to 5 per mouse. The results, 
that all 
species under study were able to trans- 


summarized in table 2, show 


mit the agent during their feedings, but 
that the African tick, O. 
the most efficient vector. It is probable 
that 
tamination of 


moubata, was 


occurred by 
bite 


transmissions 
the 
infectious coxal fluids as well as directly 


con- 
wounds with 
by bite, i.e., by infectious saliva. How- 
ever, the fact that O. hermsi, without 
the 
transmitter suggests that coxal fluids 


liquid coxal fluids, was poorest 


were of greater importance. Infections 


by contamination of the bite wounds 


with anal excretions were highly im- 
probable, as ejection of the anal prod- 
ucts usually takes place after the ticks 


leave their hosts. 
DISCUSSION 


ticks O. moubata, O. 
turicata, O. parkeri and O. hermsi have 


The argasid 


Experimental transmission of Past. tularensis from infected to normal mice by 


QO. moubata, O. turicata, O. parkeri and O. hermsi. 


Days after 
infectious 
meal 


Strain of 
Past, tularensis 


Schu SD 29 
4 
62 
117 
119 
224 


). moubata 


0}. moubata Nevada 14 43 
70 
112 
115 
220 


71 


4? 
97 


223 


Nevada 14 9 
6 

100 

224 


48 
‘1 
186 
126 


y the recovery 


ol Past. talarensi 


Number of 
ticks per 
mouse 


Number of 


mice 


Number 


20 4 
10 5 
13 i 
16 5 
10 


/ 


21 
20 
w 
10 

9 
20 


15 
14 
5 


45 
40 
40 
$1 


6 
20 
ai) 
0 


from the spleer 
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been found to be possible vectors of 


tularemia, in that they were able not 
only to preserve ingested Past. tularen 
is organisms for a period of longer than 
450 days, but also to transmit the agent 
during feedings. These observations are 
in partial disagreement with those made 
1940), that in 


turicata and O. parkeri pre- 


by Davis who found 
fected O 
served but did not transmit the organ 
Bilal (1938) obtained 


to those reported here 


isms. Kamil and 


results similas 

with O. lahorensis. 

ticks 
the 

transmission of tularemia nor ever found 

to be Past 


how- 


It is surprising that argasid 


have not been incriminated in 


naturally infected with 


tularensis There are no records, 
the 


collected in 


ever, ol attempts to isolate agent 


from argasid ticks areas 


where tularemia is prevalent. Biological 
differences between the known vectors 


ticks 


studied in this paper may explain why 


of the disease and the argasid 
the latter have never been found to be 
involved in the epidemiological picture 
With the exception of O. 
\frica, 
not as yet been recognized, the ticks O 
parker:, O 


of the disease 
moubata of where tularemia has 
turicata and O. hermsi are 
very seldom found to parasitize man 


Pheu blood 


rodents (prairie dogs 


donors are mainly small 
jac krabbits, cot 
tontail rabbits, mice, ground squirrels, 
tree weasels 


hic kens 


serve as 


squirrels, chipmunks, 


etc.) and birds. Cattle and 


have been 


hosts of O 


also reported to 
turicata. The ticks engorge 
thei 


the 


rapidly (1 to 30 minutes), and 


feedings generally take place in 


burrows and nests of the blood donors. 


As soon as they are engorged they drop 


the 
of O. hermsi, which is 


to the ground and burrow into 


soil, or in case 
parasitic chiefly on chipmunks and 
tree squirrels, they retreat into cracks 
and crevices of trees. 


The ixodid ti ks, on the other hand, 
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parasitize a much wider range of hosts 
Larvae and nymphs feed primarily on 
small rodents, adults also on larger wild 
as well as domestic aninials, with which 
man is directly or indirectly in contact 
In contrast with argasid ticks, they are 
characterized by long feeding periods 
(several days), during which they may 
be carried and distributed widely, 

The ticks are easily collected either 
from their hosts or from the vegetation 


of an infested area 


SUMMARY 
1. The ticks 
moubata, O. turicata, O. parkeri, 
infected 


Ornithodoro 


and O 


argasid 


Pasteurella 
their ability 


to preserve and transmit this agent 


hermsi were with 


tularensis in order to test 

2. The course of infection in the ticks 
was followed overt 
that 


isms developed and 


a period of 450 day 
ted organ 


the 


It was found the ing 


persisted inh 
sali ify 


tissues of the intestinal tracts, 


glands, coxal organs, central ganglion 


excretory and genital systems of all 
sper ies of ticks studied 
3. The coxal fluids of O 


turicata, and O. parkeri, as well as anal 


moubata, O 


excretions of all four species were infec 
that 
masses of Past. tularensi 

4. A total of 472 transmission experi 
the ticks 


tious in they contained large 


ments in. which were fed 


individually or in lots of 2 to 5 per 
mouse was periorme d All species ul det 
Pa [ 


vector 


study were able to transmit 


tularensis. The most efficient 


was O. moubata 
5. The results presented in this paper 
suggest the possibility that argasid ticks 


may be of importance in the mainte 
nance and distribution of Past. tularensi 


among their hosts in nature 
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In general, decreased antibody pro- 
duction follows exposure to a large dose 
of hard 
or more days prior to the injection of 
(review by W. H. and L. G. 
19 W. H. and L. G. 


Taliaferro (195... »cudied radiation dose 


antigen 


Taliaferro 


response in rabbits receiving 1.25 ml 


of a 1% standardized suspension of 
sheep red cells 2 days after irradiation 
and found that the EDgo for hemolysin 
formation in rabbits was approximately 
240 r and the ED 5 was 400 r. Protection 
of the primary antibody response in 
animals exposed to radiation (2 EDgs) 


has been reported by several workers. 


Jacobson et al (1952) exposed spleen- 
shielded rabbits to 8006 r, splenectomized 
them 1 day 


later and the next day in- 
jected sheep red cells. Their results 
indicated that in these animals hemoly- 
sin formation was higher than in un- 
shielded, irradiated controls. Wissler et 
al (1953) that 


under similar conditions produced hemo- 


found irradiated rats 
lysin when the red cells were injected 
intraperitoneally but not when they were 


N. Harris et 
and T. N. 


injected intravenously. T. 
al (1954 and 1955) and § 
1955 
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X irradiation administered one 


Harris (1955) induced antibody forma 
tion in X-irradiated (425 r) rabbits by 
injecting washed lymph node cells pre 
viously incubated with dysentery bac 
teria or their soluble antigens or by 
injecting cells and bacteria separately 
Roberts and Dixon (1955), using bovine 
7 globulin in the same manner, i.e., with 
washed lymph node cells, detected no 
antibody response. 

In the present work, we have studied 
the production of hemolysin to sheep 
red cells in total body X-irradiated (400 
r) rabbits that received an intravenous 
injection of a mixture of antigen and 
various preparations 1 day 

The 1-day 
because W. H. and | G 
(1954b) that it 


associated with maximum depression of 


alier ww 


radiation. interval was 


selected 


Taliaferro found was 


antibody and recovery was approxi 
mately logarithmic as the interval was 
increased (50% recovery time: 


Antibody 


rabbits were significantly 


4 days) 


titers in irradiated treated 


higher than 
control 


those of the irradiated 


croup 


when a rabbit 


preparation of normal 


spleen, normal mouse spleen, yeast 
autolysate, or HeLa cells (human epi 
thelioid carcinoma of the cervix grown 
in tissue culture) was mixed with anti 
gen just prior to injection. Preparations 
rabbit 


muscle were ineffective. A 


from normal kidney or normal 
rabbit pre 
liminary account of this work has been 
reported by 


(1955). 


Jaroslow and ‘Taliaferro 


MATERIALS AND METHODS 


The rabbits were females and weighed 2 to 


3.5 kg. They were supplied by Scientific Small 
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\nimal Laboratory and Farm at Des Plaines, 
Illinois. They were fed Rockland rabbit ration 
ad libitum 

lissues were suspended in aqueous 0.8% phos 
phate buffer at pH 7.4 and were thoroughly 
ground in a Potter-Elvehjem mill at 4 C. The 
tissue mince consisted of the ground suspension 
filtered through glass wool to decrease the possi- 
bility of embolic accidents upon administration. 
Che tissue extract was the supernatant fluid after 
the ground suspension was centrifuged in an 
20,000 XK g for 

HeLa cells, obtained in 
National 
\ssociates at Washington, D. C 


average gravitational field of 
} hour in a cold room 
tissue culture from Microbiological 

were treated 
as above for the preparation of minces and ex- 
tracts. Yeast autolysate was prepared as follows: 
brewers’ yeast (supplied by Wahl-Henius Co., 
Chicago, Illinois) was washed, centrifuged, and 
pressed in a Carver press to a water content of 
about 75%. It was then driven through a coarse 
ieve, spread in a } inch layer on filter paper and 
dried at room temperature, This dried yeast was 
at pH 7.4 as 


needed, was allowed to stand overnight at room 


mixed 1:4 with phosphate buffer 


temperature and was centrifuged in the same 
manner as was the tissue mince. Either the mince 
or the supernatant extract was then mixed with 
antigen and allowed to stand at room tempera- 
ture for 3 or more minutes (usually 10 minutes) 
prior to injection into the marginal vein of the 
rabbit's left ear 

All animals received a single intravenous in- 
jection of antigen. Most were administered ap- 
1.610" sheep red cells (1 ml of 
10%), but a few received 2 XK 10* heated stromata 
(= 1.25 ml of 1% The suspensions of 
cells were standardized by photometric determi 


proximately 
red cells 


nations of the amount of hemoglobin released by 
distilled water lysis (W. H. and L. G. Taliaferro, 
1950). A 1% suspension is described below. The 
stromata were prepared by suspending the cells 
phosphate buffered 0.85% saline, 
lysing gradually by 


in motoni« 
resuspending successively 
in half and then quarter strength buffered saline 
and reversing the steps to full strength buffered 
saline. This procedure was repeated until all 
visible red color was removed from the suspen- 
sion. The stromata were counted in a hemacytom- 
eter chamber with a phase contrast microscope 
then about 2 Ib 


(approximately 103 C) for 1 hour 


and autoclaved at 


pressure 

\ detailed description of the materials and 
methods used for the in vitro hemolysin titrations 
is to be found in the papers by W. H. and L. G 
(1950) Taliaferro et al (1952) 


laliaferro and 


Here, we will note a few sahent points 


The hemolysin unit is that amount of serum 
which hemolyzes 50% of 2 ml of a standardized 
1% suspension of sheep red cells, in the presence 
of four 50% units of complement, and titers are 
shown either as the amount of serum containing 
1 50% unit or as the number of 50% units per 
ml. A 1% suspension of red cells (approximately 
1.610* cells/ml) is which when diluted 
1:5 with distilled water gives a reading of 150 
on the Klett Summerson photoelectric colorime- 
ter with a no 
570 my). 

The was 
graphed on a semilogarithmic plot of the titers 
against time 


one 


54 filter (spectral range 500 to 


curve of hemolysin production 
The parameters of the immune 
process were log peak titer, length of the induc- 
tion period and rate of accumulation (&,) of 
antibody shown as a polyphase curve wherein the 
initial rate and average rate (derived &,) of rise 
to peak titer were noted. 

For the statistical analysis of the resuits, log 
peak titers were used because of the nature of the 
antibody response and to obviate the skewing of 
the distributions with arithmetic peak titers, 
while rates and times were treated arithmetically 
(see W. H. and L. G. Taliaferro, 1954a) 

Radiation factors were 250 kv, 15 ma, with 0.5 
mm Cu and 3.0 mm bakelite filters. The half- 
layer value was 1.5 mm Cu. Target distance was 
76 cm and the dose rate was 29 r/min, All irradi- 
ated rabbits received 400 r whole body irradia- 
tion. The rabbits were enclosed in perforated 
aluminum boxes and irradiated by a horizontal 
beam in such a manner that each side received 


half the dose. 


RESULTS 


Tissue or cellular preparations of di- 
verse origin were mixed with antigen 
prior to intravenous injection into rab- 
bits irradiated 1 day previously with 
400 r. Some enhanced the antibody re- 
sponse while others had no apparent ef- 
fect. The data, compiled in table 1, in- 
dicate that restorative potency is not 
restricted to what are generally consid- 


ered antibody-forming cells and/or tis- 


sues. 

Mean log peak titer was used as the 
best single measure of antibody forma- 
tion (W. H. and L. G. Taliaferro, 1952 
and 1954). Recipients of mince or ex- 
tract of rabbit 


normal unimmunized 
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spleen (0.4 to 1.6 g)* or extract of nor- 
mai unimmunized mouse spleen (0.3 g 
mixed with antigen produced antibody 
titers significantly higher than those in 
irradiated and lower than those in unir- 
radiated controls. Mince or extract of 


HeLa cells (0.2 to 0.8 g) or yeast autol- 
ysate (1.8 g) resulted in titers compa- 
rable to the unirradiated controls and 
significantly higher than the irradiated 
controls. Administration of mince or 
extract of normal rabbit kidney (0.4 to 
1.5 g) or mince or extract of normal 
rabbit muscle (0.9 to 2.1 g) resulted in 


n days of 


Di0od cels 


red 
Length 


titers at the level of the irradiated con- 
trols. The separate injection of mince 
or extract of normal rabbit spleen (1.0 
to 2.7 g) 1 hour after irradiation and 1 
or 2 days before antigen injection did 
not result in an elevated antibody titer. 
Smith and Ruth (1955) also reported 
that the injection of spleen mince into 
irradiated mice 1 day before sheep red 
cells did not result in an increased hemo- 
lysin response 

The mean log peak antibody titer ob- 
tained in the treated groups was posi 
tively correlated with the initial rate of 
antibody rise, but was not as highly cor- 
related with the derived rate—possibly 
because of the comparatively inaccurate 
estimation of the time of peak titer. The 
consistently lower derived k rate and 


the consistently longer rise to peak 


titer in the irradiated rabbits as com- 
pared to the unirradiated controls indi- 
cate a slower production of antibody 
even when normal amounts were 
formed. The induction period differed 
significantly from unirradiated controls 
(P <=0.0005). 

The antibody curves for three rabbits 
typical for each of the three groups, are 
shown in figure 1. The differences and 


* Yeast after air drying and fresh tissues were 
weighed before processing. Wet weights of packed 
HeLa cells were approximated from volumet 
ric determinations 
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Antibody curves from 3 rabbits, typical of the groups to which they belong 








32 
Antigen * Spleen Mince 
400r 


Note that 


the irradiated rabbit receiving spleen mince showed a peak titer and rate of antibody accumulation 


intermediate between those in the unirradiated and irradiated controls and a lengthened induction 


period similar to that in the irradiated control 


the characteristics dis- 
cussed earlier are remarkably well dem- 
initial k,. 
the differences 


similarities of 


onstrated except for For 


better visualization of 
in mean log peak titers, figure 2 depicts 
the 
peak titers for each treated group and 


distribution of the individual log 
controls 

In calculating mean rates and times, 
the rabbits giving no antibody response 
were omitted since the assignment of 
arbitrary values would have resulted in 
a skewed distribution. In calculating the 
mean log titer, on the other hand, the 
log peak titer of such animals was con- 
sidered to be the pre-immunization 
titer 

No significant correlation was noted 
between log peak titer and amount of 
tissue injected or the time of tissue- 


antigen contact (3 to 90 minutes) prior 
to injection. 

Within the groups, no significant dif- 
ference was observed between animals 
receiving tissue extract and those re- 
ceiving tissue mince. Similarly, no sig- 
nificant difference was noted between 
that 
those that received whole red cells (com- 


animals received stromata and 
pare distribution in figure 2). Therefore, 
these data were combined for the calcu- 
lation of each group mean. 

The difference in peak titer was not 
(P>0.10) be- 
which re- 


statistically significant 


tween unirradiated animals 


received a tissue-antigen mixture and 
those which received only antigen. 
These groups were combined into one 
group labelled 


figure 2 and “group 1" 


“antigen control’ in 


in table 1. The 
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indicated for the differences between each treated group and the antigen contre! 


and X-ray control group (extreme right). Where no probabilities are shown P 


only change in P values that resulted 
from this combination was in the com- 
parison with mouse spleen (P <0.05 to 
P <0.025) in figure 2. 


DISCUSSION 


As compared to X-rayed (400 r) con 


trols receiving antigen 1 day later, X 


rayed rabbits produced more hemolysin 


when antigen was mixed with prepara 


tions of rabbit spleen, mouse spleen 
HeLa cells, or yeast autolysate just prior 
to intravenous injection. The enhance 
ment was most pronounced with mate 
rials from heterologous sources. Rabbit 
spleen or mouse spleen preparations pro 
marked effects, but HeLa 


duced only 


cells and yeast autolysate enabled the 


rabbits to produce antibody with peak 


titers statistically identical to unirradi 


HEMOLYSIN-FORMING ( 


APACITY 


Whole Red Cells 
No tissue 
@ Tissue extract 
* Tissue mince 
Red Cell Streomata 
No fissue 
4 Tissue mince 


| OX peak antibody titers in 7 treated group and ? control group Probab: !itic ft test) are 


oup (extreme left 


ai 


0.05 


ated controls. The difference in potency 
and 
Rabbit 


kidney or muscle preparations showed 


among tissues is not understood 


merits further investigation 


little or no activity. This finding may be 
a concentration eftlect 


that 


associated with 

It has 
shielded irradiated (Jacobson 
et al, 1952) or rats (Wissler et al, 1953 


produced higher antibody when 


been observed spleen- 


rabbits 


titers 


they were splenectomized 1 da ilter 
irradiation and given sheep red cells 2 
days after 


irradiation. The mechanism 


responsible for this phenomenon is prob 
ably 


study 


not the one involved in the present 
If it were, rabbit spleen mince or 
extract injected shortly after irradiation 


and | day 


tion should result in increased hemolysin 


prior to antigen administra 


production in the irradiated recipients 





80 BERNARD N. JAROSLOW AND WILLIAM H. TALIAFERRO 


(see also Smith and Ruth, 1955). 

It is unlikely that this phenomenon 
can be explained on the basis of the 
transference of antibody-producing cells 
because extracts containing few if any 
cells of either HeLa cells or yeast, were 
effective, and these cells, even if pres- 
ent, would hardly be expected to pro- 
duce antibody in the rabbit. That these 
materials were more active than rabbit 
this 


hypothesis since rabbit spleen is known 


spleen further militates against 


to be important in antibody production 


and would be expected to have a better 
in vivo survival value. 

An adjuvant action may be involved. 
This unlikely because 
tissue-antigen mixtures in unirradiated 


possibility is 


animals did not induce the production 
of above normal titers. 

In considering the mechanism of the 
restoration of antibody formation in 
irradiated rabbits, it should be empha- 
sized that the capacity to form normal 
amounts of antibody was restored but 
only after a longer induction period and 
probably at a real 
sense, mixing the antigen with HeLa 
cells or yeast preparations changed the 


slower rate. In a 


immune response from the type usually 
seen in irradiated rabbits receiving anti- 
gen after irradiation to that encountered 
in rabbits receiving antigen before irra- 
diation. Thus, W. H. and L. G. Talia- 
ferro (1954b) found when antigen was 
given from 0.2 hours to 2 days before 
500 r total body irradiation, the induc- 
tion period was significantly lengthened 
and k, and derived k rates decreased, 
whereas log mean peak titer attained 
the normal range. In fact, in the group 
receiving antigen 2 hours before irradia- 
the mean peak titer was 
increased (P =0.01) above unirradiated 


tion, log 
controls. 

Various workers have adduced evi- 
dence for a short radiosensitive stage in 
antibody formation which, if eliminated 


by irradiation, results in the complete 
inhibition or marked lowering of anti- 
body formation (Kohn, 1951; Dixon et 
al, 1952; Taliaferro et al, 1952; W. H. 
and L. G. Taliaferro, 1954b). We be- 
lieve when antigen is mixed with an 
effective preparation and injected into a 
previously X-rayed animal that the 
initial radiosensitive event (1) proceeds 
normally in vivo due to cells or mate- 
rials supplied to the rabbit or (2) is by- 
passed in the rabbit, i.e., takes place in 
vitro. The first sequence is indicated by 
the work of T. N. Harris et al (1954 and 
1955) and of S. and T. N. Harris (1955 
in which washed cells, when injected sepa- 
rately from the antigen, were effective. 
It may also be true in the present work 
because we have not adequately studied 
the effectiveness of the active prepara- 
tions when injected at various intervals 
before the injection of antigen. Our work 
suggests that restoration can be effected 
by materials in solution or in aggregates 
of subcellular organization. Whatever 
the mechanism, the treated animal forms 
normal amounts of antibody but at a 
slower rate (lengthened induction period 
and, at times, a slower rate of antibody 
rise). The slowing of the immune re- 
sponse is characteristic of the relatively 
radioresistant process seen in animals 
receiving antigen before irradiation. The 
restorative principle is apparently pres- 
ent in cells of different types and origin 
but not in sufficient concentration in all 
cells. 


SUMMARY 


Restoration of antibody-forming ca- 
pacity in varying degrees as gauged by 
peak titer occurred in rabbits when in- 
jected a day after irradiation (400 r) 
with a mixture of sheep red cell antigen 
and one of several preparations, viz, 
normal 
mince or extract, normal mouse spleen 


unimmunized rabbit spleen 


extract, Hela cell mince or extract, or 
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yeast autolysate. Essentially complete 


restoration was effected by Hela cell 
mince or extract and yeast autolysate. 
Normal rabbit kidney mince or extract 
and normal rabbit muscle mince or ex- 
tract were injected 

rabbit 


ineffective 


ineffective when 


similarly. In addition, normal 


spleen preparations were 


when injected into irradiated rabbits 
24 or 48 hours prior to the injection of 
antigen. The induction period in all ir- 
radiated rabbits was longer (7 or more 
days) than in unirradiated animals (3 
to 4 days) 


antibody-forming capacity was restored. 


irrespective of whether the 
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The principle of the indirect bacterial 
hemagglutination test is based upon the 
fact that certain bacterial antigens can 
be adsorbed on the red blood cells, thus 
rendering them specifically agglutinable 
by homologous bacterial antiserums. 
[his test was first reported by Keogh 
et al! 


antigens ol 


and used for the detection of 


various bacteria by many 
workers.*~? 

The bacterial antigens that can be 
adsorbed on red blood cells are soluble 


components liberated from bacteria by 
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various treatments, such as polysaccha- 


rides,?*.* protein,® and 0 group antigens 
of Escherichia coli.5'° 
Shigella 


flexneri is, because of crossagglutinating 


The antigenic structure of 
factors, the most complicated among 
the shigellas. Although recently classi- 
fication by international agreement has 
been established," there remain many 
problems unresolved concerning group 
antigens and variation of shigellas 

The agglutination and agglutinin ab- 
sorption techniques are widely used for 


the detection of the antigenic composi- 


Sh. 
techniques are not applicable to deter- 


tion of flexneri. However, these 


mination of antigenic factors dissolved 
in the culture medium, and precipita- 
tion and complement-fixation reactions 
are generally used for the detection of 
soluble antigens of bacteria. If the sol- 
uble antigenic factors of Sh. flexneri can 
be determined easily and specifically by 
the indirect hemagglutination method, 
this procedure may offer advantages 
over the precipitation and complement- 
fixation tests. 

The purpose of this study is to deter- 
mine whether Sh. flexneri antigens can 
be demonstrated by indirect hemagglu- 
tination test and to evaluate the results 


8. Alexander, N., Wright, G. and Baldwin, A. ¢ 

1950. Observation on the agglutination of 
polysaccharide-treated erythrocytes by tula 
remia antisera. J. Exper. Med. 91: 561-566 
Boyden, S. V. 1951, The adsorption of pro- 
teins on erythrocytes treated with tannic 
acid and subsequent hemagglutination by 
antiprotein sera. J. Exper. Med. 93: 107-120 
Neter, E., Gorzynski, E. A., Zalewski, N. J., 
Rachman, R. and Gino, R. M. 1954, Studies 
on bacterial hemagglutination. Am. J. Pub 


Health, 44: 49-54 





SH 


in comparison to those of routine agglu- 


tination and complement-fixation tests 


MATERIAL AND METHODS 


Fourteen flexneri 1 to 6, 


kindl 


( able 


type strains of Sh 
supplied by Dr. W. H. Ewing, Communi 
Atlanta, 
used as the test organisms 


ivat 


Disease Center, (,eorgia, were 


nutrient 
o7 
0.3% 


were maintained on 
or 
1% 

iA! 


0.59 beef extract, and ‘ 


organisms 


composed of Bacto-peptone, 
odium chloride 
it pH 7.0 


trypaflavin olu 


agat 
, and smooth colonies, selected by using 


tion (0.2% were used for the 
experiments 


For the 4-hour 


cultures of each type strain on nutrient agar or 


hemagglutination test, 18- to 


in broth were employed 


The antiserums were produced in rabbits by 


injection of suspensions of the type strains; the 


ty pe ind group factor serums 


cribed bs 


antiserum 


pecili« were pre 


pared, as de Edwards et al," by absorp 
tion of the 


Ihe 


test were wa 


with suitable type strain 

red blood cells for the hemagglutination 
hed 
and the 


iological saline three t« 


the 


int phy 


four time ediment of cells wa 


idded, for upernatant fluid 
\fter 2 


with repeated shaking 


modilicatio to the 
of bacterial suspension or broth culture 
hours of i 47 ¢ 
the cell 
cal aline 


the origit il 


cubation at 
were washed three times with physiologi 
and then resuspended in saline equal to 
The treated cell 


volume uspen hot 


11. kdwards, P. R 
manual tor 
Health Service 


and Ewing, W. H 


enter 


1951, A 
Public 


bacteriolog, 


(,eorgia 


TABLE I The effect 


/ 
wal 


ives v uspended in 10 mi 
ate the degree aggiutinat 
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&3 


0.25 ml) was added to 0.25 ml of immune serum 


in serial dilutions and to normal serum for cor 


trol purposes 


The re ults were tentativel read after 2 hour 


of incubation in a water bath it 47 ¢ and again 


after 18 to 24 


cording to the 


hours at room temperature, ac 


method described b Sall 


I he compleme nt-fixation reaction was carried 


out by means of a moditied procedure of Kol 


met method 


First studied was the question as to 
whether Sh 


blood cells, and, if so, 


flexneri antigens modify red 


what effect the 
concentration of the antigen has upon 
this reaction and 


broth 


Suspensions ol agat 
cultures of Sh 
100 © tor 1 


Washed goat red blood cells were 


flex neri la were 


treated at hour and centri 
fuged 
added for modification to these super 
nates in various concentrations to make 


that 


ce 
2.5% suspensions results, as 


shown in table 1, show the greater 


Salk, J. 1! 


titrating 


1944 mplihed procedure for 
hemagylutinati ) { D iflu 
enza virus and the co wrlinng ibody 
J. Immunol. 49: 87-98 
Kolmer, J. A., Spaulding, KE. H 
on, H. W. 1951 


nic ed ) Yew 


Robin 


tech 


ind 
\pproved laborator’s 
York 


\ppleton-Century 


( rott 


centratt 
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Taste 2 


Doxkt CHUN AND BOHAN PARK 


The effects of the concentrations of red cells on the modification by the boiled supernatant of 


Sh. flexneri la suspension (one plate culture in 10 ml of saline) 


Concentration 
of red cells 
to be 
mod ified 


Serum 
Sh. flexneri 


la 
2b 


la 
2b 


la 
2b 


la 


the concentration of antigen, the more 
pronounced is the modifying effect re- 
sulting in hemagglutination with homol- 
ogous serum in high titer and with 
heterologous serum in low titer only. 
The growth from one agar plate (stand- 
ard Petri dish with diameter of 10 cm 
was used) suspended in 10 ml of saline 
was best for modification of red cells 
under the present experimental condi- 
The broth 


effective than the bacterial suspensions 


tions cultures were less 
of agar cultures. 

lo determine the effect of concentra- 
tion of red blood cells, washed goat red 
added the 


fluid of boiled bacterial suspension (one 


cells were to supernatant 
agar plate culture in 10 ml of saline) so 
as to make respec tively, ) a ee 8 
0.625% 


\s shown in table 2, the red cell suspen- 


and erythrocyte suspensions. 
sion of higher concentration shows more 
specific modification than that of lower 
the 
serum causing hemagglutination with 


concentration. However, titer of 
the red cells of higher concentration is 
slightly lower than that with cells of 
lower concentration. Moreover, with 
red cells of a concentration below 1.25% 
it is difficult to determine the end point 
of positivity because of the vagueness of 
the 


best result was obtained when red cells 


reaction. In this experiment, the 


were used in concentration of 2.5%. 


Red blood cells of (O and AB 


man 


Hemagglutination 
Dilution 
320 640 


4 3 


type as well as Rh positive), rabbit, and 


guinea pig were equally suitable for 
modification as the goat erythrocytes. 
The next series of experiments was 
carried out to compare the modifying 
activity of bacterial suspension treated 
by various ways with that of the sus 


pensions boiled for 1 hour. One agar 


plate culture of Sh. flexneri 1a suspended 


in various buffers ranging from pH 2.0 
to pH 10.0, and in isotonic saline were 
treated at 100 C, 52 C, and 37 C 
various lengths of time. After centri 


lor 


fugation, the pH of the supernates was 
adjusted to 7.0 with sodium hydroxide 
or hydrochloric acid. Washed goat red 
blood cells (2.5%) were modified with 
these materials and tested as described 
above. The data obtained in this experi- 
ment are summarized in table 3. It can 
be clearly seen that the supernates of 
suspensions boiled at pH 6.0, 7.0, and 
10.0 modify the red blood cells excel- 
lently, resulting in specific hemaggluti- 
nation with homologous antiserums in 
high titer and in relatively weak cross 
reaction with S. flexneri 2a serum. The 
suspension treated at 52 C for 5 days at 
pH 7.0 also modifies red cells excellently, 
but treatment at 52 C and 37 C for 1 
day yields poor modifying antigen 
Acid (below pH 5.0) treated antigen 
failed to modify the erythrocytes. 

To determine the type specificity of 


the hemagglutination test, the follow 
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TABLE 3 


Serum 
|. fexnari 


ing experiment was carried out. Eryth- 


rocytes were modified with supernates 
of boiled suspensions of various types 
the culture of one agar plate in 10 ml of 
isotonic saline solution) and mixed with 
equal amounts (0.25 ml) of type specific 
and group factor Sh. flexneri antiserums 


in serial dilution. The resulting hemag- 


TABLE 4 The results of 


of the highest dilut 
at serum dilution 1:40 


ure expressed as the reciprocals 


ates the negative reaction 


The effects of pH and heat on the red-cell-modif ying activity of Sh 


hemagglutination test 


85 


flexneri la suspension 


Hemagglutination 
Dilution 
320 640 


2500 5120 


glutination was read, and the data are 
presented in table 4. 

It is evident from the table that in 
most instances the serums agglutinate 
to high titer red blood cells treated with 
homologous bacterial suspension and 
only in relatively low titer those treated 
with heterologous antigens. These re- 


of Sh. flexneri with their antiserums 


sh. flexneri serum 


3(1) 


of serun agglutinat 


that gave her 





8&6 


PaBLe 5 


Hemagglutination 


Serum iil [IV 
h. flexneri 
la 
ib 
2b 
2b 
Var. X 
Var. ¥ 
$(1) 
4(2) 
4 
4a 
4b 
5 
ou 
62 


liters of hemagglutination are expre 
Titers of complemer 
I hese reactions are 


t-fixation are expressed as the highest 


negative reaction at 1:40 


sults largely parallel those of the con- 
ventional bacterial agglutination test. It 
is impossible to determine the type or 
by the 


subtype hemagglutination 


method alone, as can be done with the 
bacterial agglutination technique. The 
X strain 


blood 


variant 
Red 
treated with this antigen are not agglu- 


results obtained with 


are quite different. cells 
tinated even by homologous antiserum, 
which readily agglutinates the bacterial 
cells. It is interesting to note that this 
serum in relatively high titer reacts with 
red blood cells modified with most other 
type strains 

The results obtained with type spe- 
cific and group specific antiserums are 


listed in tables 5 and 6. The serums have 


TABLE 6 


The results of hemagglutination tests and complement-fixation reactions of Sh 
type-s pecifu 


Dok! CHUN AND BOHAN PARK 


flexneri with 
Serums 


omplement-fixation 


Itt IV 


a0 
a0 


ed as the reciprocals of the highest dilution of serum that gave agglutination 


dilution of serum that gave complete inhibition of hemolysi 


carried out by the method of Kolmer (the antiserums were used in successive dilution 


been shown to agglutinate specifically 
the strains possessing the corresponding 
antigens. It can be seen from table 5 
that 
hemagglutination and complement-fixa- 


similar results were obtained in 
tion tests with absorbed type specific 
antiserums, and from table 6 that with 


absorbed group specific antiserums the 


results of hemagglutination test parallel 


those of complement fixation rather 


than those of bacterial agglutination 


tests. 


DISCUSSION 


The experiments described above re- 
vealed that the antigens of Sh. flexneri 
modify red blood cells of man, goat, rab- 
bit, and guinea pig, the corresponding 


The results of agglutination, hemagglutination, and complement-fixation tests of Sh. flexneri 


with group-factor serums 


Aggiutination 
Serum 6 


Sh. flexneri 


Hemagglutination Complement-fixation 


6 (8) (3), 4 6 4, 
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antiserums causing indirect hemagglu- 
tination. 

Indubitably, many factors effect the 
blood 


cells, but this report is concerned only 


process of modification of red 


with certain fundamental 


problems, 
such as the effects of heat, pH, concen- 
tration of bacterial antigen, and the 
kind of red blood cells. 

It is unlikely that the red blood cells 
adsorb whole bacteria or antigenic sub- 
the 


bacterial cell. Rather, antigens which 


stances normally present within 


are liberated from the bacterial cells by 
treatment and thus become dissolved in 


the diluent are adsorbed by erythro- 


cytes. This assumption is supported by 
the observation that the hemagglutinat- 
ing activity of supernates of boiled sus- 
that of 
complement-fixing capacity rather than 


pensions runs parallel to 


to agglutinibility of bacterial suspen- 
sions (table 6). 
Neter et al® and in the 


present experiments, boiling of bacterial 


As shown by 


suspensions is an excellent method of 
treatment for the procurement of eryth- 
rocyte modifying antigens. Neter et al® 
at first considered the possibility that 
heat destroys an inhibitor, but we, as 
did Neter in a later communication,'® 
consider it more likely that the effect of 
heat on bacterial suspension causes re- 
lease of red blood cell modifying antigen. 

Obviously, the hemagglutination test 
described in this communication does 
not lend itself to the study of heat labile 
antigens, since the latter are destroyed 
by heat treatment. In this connection 
our observation that treatment of bac- 
teria at 52 C is effective in the release of 
erythrocyte modifying antigen may be 


used to advantage in further experi- 


ments on hemagglutination with heat 
labile antigens. 

The negative results obtained with 
antigens treated in an acid medium can 
be explained by the assumption that the 
red blood cell modifying antigens are 
not extracted or are destroyed at low 
pH, particularly since the supernates of 
acid treated suspensions also prove to be 
antigenically inactive in complement 
fixation tests. 

Further studies are needed to deter- 
mine the reasons for the negative results 


obtained with variant X strain 


SUMMARY 


A study of Shigella flexneri antigens 
by means of hemagglutination, bacterial 
agglutination, and complement-fixation 
tests yielded the following results 

1. The antigens of Sh. flexneri can be 


bloc vl 


goat, rabbit, and guinea pig and are 


adsorbed on red cells of man, 
demonstrable by means of specific hem 
agglutination in the presence of homol- 
ogous antibodies 

2. The supernates of cultures which 
100 C or at 52 ¢ 


solution 


were heated either at 


in neutral saline modify red 
blood cells. Suspensions treated at low 
pH fail to do so 

3. Data are presented regarding op- 
timal conditions of preparation of anti- 
gens and of the hemagglutination test. 

4. The hemagglutination test is not 
more sensitive for the detection of anti 
genic 
the 
sorption techniques, but is at least as 


the 


components of Sh. flexneri than 


agglutination and agglutinin-ab 


effective as complement-fixation 
test, 


14. Park, B. t npublished data 





CULTIVATION OF MOUSE-ADAPTED DENGUE VIRUS (TYPE 1) 
IN RHESUS MONKEY TISSUE CULTURE 


SUSUMU HOTTA* AND CHARLES A. EVANS 


From the Department of Microbiology, University of Washington, 
Seattle, Washington 


Although dengue virus has been suc- 
cessfully adapted to mice, attempts to 
cultivate it in tissue culture have so far 


yielded only negative or questionable 
results (Sabin, 1952; Hotta, 1952). The 
only reported exception is contained in a 


short discussion by Schlesinger (1950) of 
experiments in which dengue virus was 
propagated in 5-day-old chick embryo 
tissue.t In the present paper experi- 
ments are reported in which two strains 
of type 1 dengue virus were cultivated 
in tissue culture. 


MATERIALS AND METHODS 


7 issue culture.—Tissues used were from rhesus 


monkeys. ‘Iwo different systems of tissue culture 
were investigated. One was testicular tissue em- 
bedded in chicken plasma clot and incubated in a 


roller apparatus (Smith and Evans, 1954). The 


Keceived for publication July 20, 1955. 

\ided by grants from the Office of Naval Re- 
search (Contract Nonr(09)), the Eli Lilly Com- 
pany, and by The State of Washington Initiative 
171 Fund for Research in Biology and Medicine. 
E-xpert given by Mrs. Leone St. 
Velma C. Chambers and Miss 
Hilda Jean May is gratefully acknowledged. A 
preliminary report of this work was presented at 


assistance 


Vineent, Dr 


9th annual meeting of the Federation of Ameri- 


can Societies for Experimental Biology, San 
Francisco (Hotta and Evans, 1955), 

* Fulbright Kyoto 
University, Japan. Thanks are due to Professor 
Ren 


Institute of Kyoto Universivy, for encouraging 


grantee, on ‘eave from 


Kimura, director of the Mic robiological 
interest in this work. 

t After presenting a summary of this work at 
the meetings of the American Association of 
Immunologists in San Francisco in April, 1955, 
the authors had an opportunity to read a paper 
by Sabin (1955), in which it is briefly stated that 
dengue virus multiplied in monkey kidney tissue 
cultures without 


effect 


producing a cytopathogenic 


second consisted of trypsin-treated kidney cells 
grown directly on a glass surface and incubated 
in the stationary state (Youngner, 1954). Either 
screw-capped or rubber-stoppered tubes, 16 150 
mm, were used. Following incubation at 37 C 
for 4 to 5 days, tubes showing good cellular growth 
were selected for viral inoculation. Occasionally, 
they were stored at 10 or 20 C for a period not 
exceeding 1 week prior to inoculation with virus. 

Medium.—F or the initiation of cellular growth, 
or the storage of well-grown cultures, medium D 
of Youngner (mixture 199 with 2% inactivated 
horse serum) was used. The culture medium used 
after inoculation of virus was composed of 0.1% 
lactalbumin hydrolysate (Nutritional Biochemi- 
cals Corporation), 22.5% ox serum ultrafiltrate 
(Microbiological Associates), and 0.07% sodium 
bicarbonate in Hanks’ balanced salt solution, with 
200 units of penicillin and 200 yg of streptomycir 
per ml. It was necessary to continue cultures ai 
least 3 weeks in order to observe the full effect of 
the virus. Therefore, a medium suitable for pro- 
longed maintenance of cultures was required. 
Although comparative data were not collected on 
this point, the medium indicated above seemed to 
be distinctly better than certain other mediums 
Neither 0.5% lactalbumin hydrolysate medium 
in Hanks’ solution, medium D, nor mixture 199 
alone were as satisfactory 
first 


rhe superiority of the 
more apparent with the 
kidney cell cultures than with testicular cultures 
Phenol red was included in all mediums as a pH 
indicator. 

Virus.—The viruses used were the mouse- 
adapted Mochizuki strain (Hotta, 1952) and the 
Hawaiian 


medium seemed 


strain obtained from the American 
Iype Culture Collection. Both had been passed 
more than 100 generations through mouse brain 
before the beginning of the present research. 
A homogenate was prepared containing approxi- 
mately 10% glycerinated infected mouse brain 
in Ringer's solution and 20% inactivated normal 
horse serum. After centrifugation at 3000 r.p.m 
for 15 minutes, the supernatant fluid was diluted 
appropriately and used as the initial virus sus- 
pension. Unless otherwise indicated, Ringer's 
solution, with 20% inactivated horse serum, was 
employed for dilution of viral materials. 


Inoculation and incubation.—Inoculation of 
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tissue cultures was carried out as follows in the 
initial cultivation and in the serial transmissions 
Just prior to inoculation, the nutrient medium of 
the tissue cultures was discarded. Two-tenth ml 


of the appropriately diluted material, either 
mouse brain extract or tissue culture fluid, was 
put into each tube, and allowed to cover the 
cellular explants for about 10 minutes. Then 1.8 
ml of the medium was added. The tubes were in 
cubated at 35 C in a roller apparatus or in the 
Either half 


changes of medium were made at intervals of 
2 to 7 days in order to keep the pH of the fluid 


stationary state or whole-volume 


phase within the range 7.2 to 7.6. The pH values 
were determined by comparison with a series of 
standard tubes containing phosphate buffer 
solutions and phenol red 

activity.—At 


after the inoculation, portions of the culture fluid 


Assay of viral suitable periods 


were taken from each tube aid pooled with fluids 


Serial 


pools were then made, 


from other tubes similarly inoculated 
10-fold dilutions of the 
and 0.02 ml of each dilution was injected intra 
cerebrally into 2- to 3-week-old white mice bred 
in this laboratory. All mice were checked daily 
for the tremor, flaccid paralysis and other signs 


Mice which 


died within 3 days after the injection were not 


characteristic of dengue infection 
included in the results 
3 weeks 
calculated by 

Muench (1938 


immediately after harvesting the fluid. In 


The observation period 
LDse values per 0.02 ml 
the Reed 


[he titrations were usually done 


was at least 


were method of and 
a few 
instances the materials were sealed in pyrex glass 
tubes and stored in an iced thermos overnight or 
in a dry ice chest for periods not exceeding 4 
months 

Vor phological 


viral inoculation, the cultures were checked daily 


examination.—F ollowing the 
for morphological changes visible under a micro 
32 100. In 


the case of the trypsinized kidney cells, cultures in 


cope at magnifications ol and 
Porter flasks* and cover slip cultures in Leighton 


The Porter flask cul 


tures were observed in the living state with the 


tubes* were also examined 


The Leighton tube cover 
Cell 


growing on the surface of small cover slips (ap 


ordinary microscope 
lip cultures were examined as follows 
proximately 10X22 mm and 0.1 mm thickness) 
placed in the flat bottom of the tubes were in 
fected with virus. At desired times the cover 
slips were removed and subjected to either stain 


ing or phase-contrast microscopy.t The staining 


° May be 
Associates 


1 Assistance 


purchased from Microbiological 


microscopy given by Dr. Eix hi 


procedures usually consisted of: fixation in Zen 
ker-formol solution (Parker, 1950) for 30 minutes 
washing in running water for 6 hours, and stain 
ing 
procedure slightly modified from that devised by 


Jacobson (Hanks et al, 1955). For phase-contrast 


with May-Grunwald-Giemsa stain by a 


microscopy the cover slip was placed on a drop 
of medium on a large cover slip (4350 mm and 
0.1 mm thickness). The cells 


the thin fluid between 


were immersed in 


layer of the two cover 


slips. This preparation was mounted on a metal 
slide with a central opening to accommodate the 
small cover slip. A second large cover slip was used 
to seal the opposite side of the hole in the metal 
slide and the 
were sealed with paraffin 
lar to that 
Parker (1950 
Neutralization tests.—The 
tained from a rabbit immunized with Mochizuki 
that 


slide. The metal large cover slips 


Phe technique is simi 
and described by 


devised by Gey 


antiserum was ob 
mily in 
Serum 


was collected from this rabbit prior to immuniza 


strain of virus had been passed 


mouse brain and never in tissue culture 
tion to serve as a control nonimmune erum tor 
the The 
terials fluids 
homogenates in 
$000 ¢£.p.m, for 


neutralization test immunizing ma 


were supernatant from the 10% 


infected mouse brain Ringer 


solution, centrifuged at 15 min 
utes. The immunizing procedure consisted of the 
(0.5 


(1.0 


following injections: 3 times intravenously 


ml to 0.7 ml, each), 5 times subcutaneoush 
ml to 2.0 ml, each), 4 
(2.5 ml to 3.0 ml, each 


(2.0 ml, each), at 


times intraperitoneally 


, and again 2 times intra 


venously intervals of § to 10 


days. The infective titers of suspensions for mice 
were presumed to be near 10~ per 0.02 ml on the 
Core ifter the 


basis of occasional titration week 


last injection, the rabbit was ex ated, and 
the 
activated by heating at 56 C for 
10 C until used. It was 


serum 


angul 


serum was separated. The serum was in 


30 minutes, and 


stored at hown that 


the control had no neutr ilizing activity 


saged type | dengue 
5 LDyo’s of the 


neutralized completely by 


against the mouse pa viru 


and that approximatel mouse 
passaged virus wert 
the immune serum diluted 320-fold 

neutralization test, 


In performing the virus 


concentration was mixed in equal 
50-fold in 
lactalbumin The mixture was kept at 
37 C for 1 hour, and at 4 C for 1 
Then 0.02 ml of 


mice intracerebrally or 0.2 ml was inoculated into 


at a given 


volumes with serum diluted 5- to 
medium 
more hour 
the mixture was injected into 
tissue cultures with the subsequent addition of 


1.8 ml of medium. 


Yamada, Department of Anatomy, University 


of Washington, is appreciated 
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RESULTS 
Control ex periments 
Dengue virus disappeared within a 
short period of time in culture medium 
without living cells. For instance, active 
after the 
inoculation, but not after 3, 7, 10 or 14 


days, even 


virus was detected at 1 day 
inoculum with 
mouse LDy5 titer of 10-7" per 0.02 ml 


was used 


when an a 


In every experiment 3 to 7 cultures 
with no virus were included. They were 
incubated and subjected to changes of 
medium exactly 


the same as infected 


cultures. They exhibited only slight de- 
incubation 
which lasted for 3 to 10 weeks 


epeatedly confirmed that homogenate 


generative changes after 


It was 


of normal mouse brain diluted 1000-fold 
or more had no apparent effect on the 
culture cells 


PABLe | 


testicular 1 


5 


of original 
1 


Calculated dilution of original 
io-* 10 J 


Numerators indicate number of dead mice; denominators 


were pooled except on the 10th and 14th day in experiment | 


Mortality ratios of mice injected intracerebrally with culture fluid from de 


1 


10 


ndicate number 


CHARLES A. EVANS 


Eighteen undiluted culture fluid spec- 
imens from various control experiments 
were injected intracerebrally into 5 or 
2-week-old In no instance 


more mice. 


did death occur, except for a few mice 


which died presumably from the effect 
of trauma. 

Ten serial blind passages were carried 
on through normal kidney tissue cul- 
tures, but no mouse-infective nor cyto- 
pathogenic agent was found this 


A 


a 


experiment. cytopathogenic agent 


isolated from control kidney tissue 


culture will be discussed in a later sec- 
tion of this paper. 
All specimens were inoculated onto 


bacteriological culture mediums and 


checked for bacterial or fungal growth. 


Contaminated tubes were infrequent 


and were not used to determine viral 


concentration or for passage 


ng ue niected rhesu 


ue cultures 


¢ culture incubation period in days 


s 10 
From a 


single 
tube 


Pooled 


os 0 


culture fluidt 
ioe 


culum in tiseue 
ioe 1o-+e 


culture incubation period 


ulture flu d 
1o-** 


tissue 


wre 10O”~* 


of injected mice. Fluid fron 
when tests were made of single tube is 


ate iltur 


weil s from pool 


* Neutralization tests performed in mice identified the virus as dengue 


t The volume of medium removed and replaced varied; a 90%, change was made on the 7th day 
14th day in experiment I. Changes of fluid in experiment II involved replacement of half volume 


times 


and a 50° 
ro 


hange on the 
> of fluid at different 
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Dengue virus in rhesus testicular 
tissue culture 

Two series of experiments were car- 
ried out, and the results obtained are 
summarized in table 1. 

The data show that dengue virus re- 
mained active in rhesus testicular tissue 
cultures for a relatively long period. 
Chis observation appears to be signifi- 
the 


days in control 


cant when contrasted with short 
survival time of a few 
tubes lacking cells. In experiment II the 
successive changes of medium resulted 
the original inoculum 


the 42nd 


present 3 


in a dilution of 
beyond the original LDs5» by 
still 
later in spite of further medium changes 


day. Virus was weeks 


and resultant dilution of the original 
inoculum 

Passages were made at intervals of 8 
to 14 days. All inoculated tubes of each 
subculture were incubated for 7 10 10 
weeks. Tests for active virus in culture 
fluids 


Virus was detected only in 


other week 


the first 2 


were made every 


MOCHIZUK! 
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passages in the first experiment and the 
first 3 passages in the second experi 
ment. It yet been determined 
reflected the 


appearance of virus or was the result of 


has not 


whether this actual dis- 
changes of the virus that reduced its 
virulence for mice 

Very few changes were noted in the 
appearance ot fibroblastic cells in mocu 
lated tissue cultures. In some cases cet 
tain degenerative alterations, such as 
cytoplasmic granulation and separation 
of cells, were seen, but they were hardly 
distinguishable from those found in the 
control tubes subjected to equally pro- 


longed incubation 


Dengue virus in trypsin-treated rhesus 
kidney tissue culture 


Results of a preliminary experiment 
with Mochizuki-strain virus of the 133rd 


mouse passage were strongly suggestive 


of an increase of virus in the fluid phase 


tissue cultures. More- 


the 


of rhesus kidney 


over, a distinct degeneration of 


STRAIN GROWTH CURVE 





4 


4 7 iO {3 


("NO VIRUS DETECTED) 


Fic. 1.—Growth curve of Mochizuki 
Seven cultures 
brain, 136th passage 
each tube. Vertical axi 


di ited 


re pre sents 


) 


PERIOD OF INCUBATION 


train dengue virus in rhesus kidney tissue « 


with a mouse titer of 10°** per 0.02 ml; 1.8 ml of culture medium wa 


the titer of viru 


: 2 
17 P| oR 


< 


IN DAYS 


ulture 


were inoculated with 0.2 ml of a 10~* dilution from a homogenate of infected mouse 


adde d to 


in pooled culture fluid removed at the times in 
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cultured cells was noticed 1 to 3 weeks 
following the virus inoculation. 

Growth curve.—Seven tubes were used 
for the infected group and 3 for the con- 
trol. The initial virus inoculum was 0.2 
ml of a 10°* dilution from an infected 
mouse brain homogenate of Mochizuki- 
strain, 136th passage. Its intracerebral 
L.Dgo per 0.02 ml was 10-**; 1.8 ml of 
culture medium was added to each tube. 
At given periods following the inocula- 
tion, portions of the culture fluid were 
removed, pooled, and tested for mouse 
L.D5o. The control tubes received a nor- 
mal mouse brain homogenate and were 
treated the same as infected cultures. 
Figure 1 shows the results obtained. In- 
crease of the virus was approximately 
100,000-fold. The 


maximum titer of 


culture fluid was approximately one- 
that of 
brain. It is evident that the multiplica- 


hundredth of infected mouse 
tion of dengue virus in rhesus kidney 


tissue culture is siow compared to other 


MOCHIZUKI_ STRAIN 


LUTION BASED ON FLUID 
HANGE AND PASSAGE 





DILUTION BASED ON PASSAGE 
a—ee TITER IN EACH PASSAGE 


* | LOso IN 10m PASSAGE 


ra 
i 


a 


haa. oul 


a 


a ee 
PASSAGE 
7 35 43 62 7% 85 93 103 II3 120 
CUMULATIVE TIME IN DAYS 
Fic, 2.—Serial Mochizuki 
strain dengue virus through rhesus kidney tissue 


transmission of 


cultures. 
Initial inoculum was the same as that used in 


the growth curve experiment expressed in figure 1 


viruses such as poliomyelitis. 

Serial transmission.— Results of serial 
transmission experiments with Mochi- 
zuki-strain 


virus in kidney 


tissue cultures are illustrated in figure 2. 


monkey 


This figure includes mouse titers in each 
passage, cumulative dilutions calculated 
on the basis of passages in successive 
tissue cultures, and cumulative dilutions 
based on both passages and changes of 
medium. After 10 passages during 120 
days, 1 LDso represented a dilution of 
10~** of the original inoculum.* Practi- 
cally the same results were obtained with 
Hawaiian strain virus (see fig. 3). 

By April 8, 1955, 31 passages were 


HAWAIIAN STRAIN 


[ e—« DILUTION BASED ON FLUID 
CHANGE AND PASSAGE 


*—— DILUTION BASED ON PASSAGE 
o—~« TITER IN EACH PASSAGE 
* 1 LDgo IN 10th PASSAGE 





"e) 25 


= we te 
PASSAGES 
0 8 2 3 48 56 6 7B 102 
CUMULATIVE TIME IN DAYS 
Fic. 3 


dengue virus through rhesus kidney tissue 


Serial transmission of Hawaiian strain 
cul- 
tures. 

Initial inoculum was a mouse brain homogen 
114th 


American Type Culture Collection in a lyophil 


ate from passage, delivered from the 


ized form, The powdered material was dissolved 
in this laboratory with medium E of Youngner 
199 with 
per liter) into a 10-fold volume, and diluted fur 


(mixture 1.25 g sodium bicarbonate 
ther with 20% normal horse serum in Ringer's 
10~* dilution 
inoculated, and 1.8 ml of culture medium was 


solution. Two-tenth ml of a was 


added in each tube. 


* This degree of dilution was reached after 
10 passages instead of 15 passages as stated pre 


viously (Hotta and Evans, 1955) 
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Fic. 4 Normal rhesus kidney cells. Eighteen-day culture in a Porter flask. «130 

Fic. § Dengue-infected rhesus kidney cells in a Porter flash len days after inoculation with 
Mochizuki strain virus. Twenty-third tissue culture passage. & 130 

Fic. 6 Normal rhesus kidney cells. Twenty-day culture on a cover lip. Zenker-formol fixation 
May-Grunwald-Giemsa stain. * 150 

Fic. 7 Dengue-infected rhesus kidney cells on a cover lip Iwelve da ifter inoculation with 


Mochizuki strain virus. Fourth tissue culture passage. Zenker-formol fixation, May-Grunw ild-Giemsa 


stain. * 130. Increase of the virus in this culture was confirmed as follows: 0.2: ml of indiluted fluid 


from the 3rd tissue culture passage Was Inoc ulated into this culture with the sub equent addition of 
1.8 ml of lactalbumin medium. Mouse LDyo of the inoculum was 10 per 0.02 ml. The medium wa 
changed every 2 to 4 days, and the resultant dilution of the original inoculum was 10%? fold b the 


time of photography. The fluid removed just before the photography showed a mouse LDyy titer of 


10°** per 0.02 ml 
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carried out with Mochizuki-strain virus 
during 279 days, and 1 LDygo represented 
a 10-" dilution of the original inoculum 
The cultivated virus gave no indication 
ot changed mouse infectivity up to that 
time. 

Morphological change: Ihe infected 
tissue culture cells exhibited degenera 
tion visible under the microscope. The 
degeneration was first clearly detectable 
at 5 days to 1 week after the inoculation 
of virus. Affected 
and darkened 


under 


cells were rounded 
The general appearance 
a magnification of 32 was that 
of black grains scattered on white cloth 
firm attachment to 


The cells lost their 


the glass surface soon after they a 

quired the round dark appearance that 
identified them as undergoing degenera- 
At 10 days it was common to see a 
the 


healthy cells was reduced by about half, 


tion 


culture in) which population of 


and yet see very few degenerate cells. 
Presumably some cells had disintegrated 
had the 
glass surface in handling the tube. At 2 


and others been washed off 


weeks only a relatively sparse popula- 
Some of 


these appeared nor mal: others exhibited 


tion of cells usually remained 
long, slender strands or dense cytoplas- 


mic masses. These changes were also 
regarded as signs of degeneration. The 
stained and phase-contrast preparations 
also showed these degenerative ( hanges 
of infected cells. The normal-appearing 
cells that remained at that time subse 
quently underwent degeneration. Prac- 
tically all cells disappeared after 3 to 4 
weeks. No definite difference was noted 
in the degeneration pattern ol the early 
and later passages, hor between Mochi- 
zuki and Hawaiian strains. During 
prolonged cultivation certain abnormal 
appearance developed in some cells ol 


\ small 


number ol cells became detached from 


the uninoculated control tubes 


the glass surface. However, the number 


was so small that an almost unbroken 
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sheet of cells remained throughout the 
incubation. The control cultures never 
showed the distinct degeneration seen in 
the cultures 


infected Figures 4 to 7 


inclusive show typical examples of the 


control and infected rhesus kidney tis- 
sue culture cells. 
Parallel titration in 
The 
virus were compared in mice and in tis 
Each 
0.2 ml of 


was given each mouse 


mice and tissue 


cultures. titers of tissue culture 


sue cultures. tissue culture tube 


received inoculum; 0.02 ml 


1), 


fective dose) for tissue cultures was cal 


(50% in 


culated on the basis of appearance ol 


definite degeneration at 2 weeks 


alter 
the inoculation. | xamples of the results 
obtained are shown in table 2. Practi 


cally 


the titers in mice and in tissue cultures 


no difference was noted between . 


s Rhesus kidne vy cell 
lip and affected by a cytopathogenic agent. Ten 
“aye Zenker 


Grunwald-Giemsa 


grown 


day ifter inoculation 


fixation Ma 


Ser ond pa 
formol tain 


x 140 
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TABLE 2. 


Virus 
Beeson a Inoculated 
a into*® 


Strain tissue 


ilture 
Mice 


Tissue 
cultures 


Mice 


i issue 
ultures 


2 mi in tissue 
ate numbers of dead mice or tissue 


- or ue culture tubes inoculated 


Identification of cultivated virus as 


The 
neutralized by the anti-dengue immune 
rabbit The 


clear in parallel tests with mice and tis- 


dengue cultivated virus was 


serum. neutralization was 


sue cultures. Table 3 shows examples of 


the results obtained. 


A cytopathogenic agent recovered 
from an apparently normal 
kidney tissue culture 


A cytopathogenic agent was originally 


encountered in a control uninoculated 


culture tube of rhesus kidney tissue 7 


days after the beginning of incubation. 
The first sign noted was a small circular 
hole devoid of cells in a continuous sheet 
of cells. Surrounding this clear area was 
a zone of abnormal cells with numerous 
cytoplasmi vacuoles of various sizes, 
many larger than the nuclei. On the 8th 


day the discrete area had increased in 


TABLE 3 


Parallel titrations of virus 


ultures with 1.8 ml of medium 
ulture tubes showing definite degene 


Veutralization tests to identify virus as Lype 1 dengue after pa 


in mice and in kidney tissue cultures 
Dilution 


10° 1o* 


and 0.02 mi in mice 
ation 


size and become more distinct. Some of 
the surrounding cells appeared to have 
fused and formed a syncitial structure 
Some of them lacked their original ap 
pearance, the cytoplasm having .been 
replaced with huge vacuoles. The gen 


looked 


A subculture was made from 


eral view like a collection of 
bubbles 
the tube by transferring 0.2 ml of the 
undiluted culture fluid to new kidney 
tissue cultures, with subsequent addi 
tion of 1.8 ml medium. By April 8, 1955 
8 subcultures had been carried out in the 
at 6 10 


morphologic al « hange 5 


manner intervals of to 


Similar 
were found in each subculture. The clear 


same 


days. 


areas became about 1 to 3 mm in diame 
ter 7 to 10 days after the inoculation 
At this time they were easily observed 
with the naked eye. In some cases there 
were 6 to 10 such areas in a single tube 


in others they merged to form fewer or 


age 


in tissue cullure 


Virus 


Passage Mouse 
in tissue IC LDw 
culture per 0.02 mil 


Dilution 


6 
Mochizuki - 
28 


10+ 
10°«e 
1Oo-e* io 
2 1io-** 


8 19-88 10° 


Undiluted 
Undiluted 


Undiluted 


Control serum* 
before immunizatio 


Immune serum*® 
(anti- Mochiauki) 


Mouse rc. 


10% 10/10 
5 5/5 
7 6/7 


5 5/5 


7 


Diluted 5 times with 0.1% lactalbumin hydrolysate medium 


* 
t The 
> 


numbers of mice or t ulture tubes inoculated 
tubes showed nonspecific degeneration 


seue 


§ Two 


culture fluid used for changing medium included 1% of immune or « 
t Numerators indicate numbers of dead mice or tissue culture tubes showing definite degeneration 


mtrol serum 
Denominators in 
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even a single large hole in the sheet of 
cells. Cells not immediately adjacent to 
such areas were apparently normal at 
that time. However, the whole cellular 
explants underwent degeneration after 


2 to 3 weeks. Figure 8 shows an example 


of the typical findings. 

Neither bacterial nor fungal growth 
were found in bacterial culture mediums 
inoculated with the culture fluids from 
these tubes. 

The undiluted culture fluid from 7th 
subculture was injected intracerebrally 
into 14 2-week-old white mice. Neither 
death 


noticed during a 


nor specific symptoms 


4-week 


were 
observation 
period. 

The anti-Mochizuki immune rabbit 
serum did not affect the cytopathogenic- 
ity of the 
cultures, It 


unknown agent for tissue 


was apparent, therefore, 
that no antigenic relationship between 
this cytopathogenic agent and dengue 


virus was detected. 


DISCUSSION 


Whether the rhesus testicular tissue 
cultures supported growth of dengue 
Evidence of 
multiplication of virus in this system 


virus remains uncertain. 
was equivocal. No distinct cytopatho- 
was noticed. It is clear, 
that the 


cultures at 


genic effect 
virus survived in 
least 11 
whereas it disappeared completely in a 


however, 
testicular weeks, 
few days from tubes containing tissue 
culture mediums without cells. 

In contrast to the results with testic- 
ular tissue, it was evident that rhesus 
kidney tissue cultures supported definite 
multiplication of dengue virus. Identical 
results were obtained with 2 strains ol 
virus from different sources. A marked 
feature of the growth pattern associated 
with dengue virus was its slowness. De- 
generative changes were seen in the 
infected cells. Although some uninocu- 
cultures showed a rela- 


lated control 


tively limited change after prolonged 
incubation, they were far less extensive 
than those observed in the infected cul- 
tures and never equaled the widespread 
destruction of cells seen invariably in 
cultures exposed to dengue virus. More- 
over, specific immune serum prevented 
growth of dengue virus and degenera- 
tion of cells. It was unequivocally es- 
tablished, therefore, that dengue virus 
produced a cytopathogenic effect on the 
trypsin-treated rhesus kidney cells. It 
should be noted from the growth curve 
experiment that maximal titers of virus 
were found in the tissue culture fluid at 
about 7 to 10 days when degeneration 
was beginning to appear. The possibil- 
ity that much virus is released prior to 
development of obvious degenerative 
changes must be considered. After 10 
days, apparently release of virus was 
offset by inactivation of virus in the 
fluid medium. 

The cytopathogenic agent recovered 
from apparently normal kidney tissue 
cultures fortunately was not a source of 
confusion. It was clearly distinguished 
from dengue virus by mouse-infectivity 
tests, neutralization tests, and morpho- 
logical examination of the cells. Prob- 
ably this agent is similar, if not identical, 
to that described by Rustigian et al 
(1955). The possibility that a mixed 
infection with dengue virus and this 
agent occurred in a single culture can- 
not be excluded with certainty. It is 
curious that this agent was encountered 
only once in the dengue-infected cul- 
tures, but more often in the uninocu- 
lated fluid 
from the dengue-inoculated tube show- 


control cultures. Culture 
ing signs of concomitant infection with 
this agent and dengue virus was trans- 
ferred to new cultures, and serial trans- 
missions were performed. From the 2nd 
to 4th subcultures the degeneration pat- 
tern showed both the large vacuolated 
the 


multinuclear cells induced by un- 
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named agent and the small round dark 
cells associated with dengue infection. 
After the 5th 


cells showed only changes similar to the 


subculture the affected 


original dengue infection. Mouse-infec- 
tivity tests showed that dengue virus 
was retained throughout these subcul- 
tures. It appeared that dengue virus 
might have excluded the other agent. 
Finally, it should be kept in mind 
that both strains of dengue virus used 
in the present study 
the 


virus 


were mouse- 


adapted. In view of difficulty of 


isolating dengue from natural 
sources by inoculation of mice, trials to 
isolate it with tissue cultures should be 


undertaken. 


SUMMARY 


The in vitro cultivation of mouse- 
adapted dengue virus was studied with 
rhesus monkey testicular and kidney 
tissue cultures, 

In testicular tissue cultures embedded 
in chicken plasma clot and incubated in 
a roller apparatus at 35 C, dengue virus 
the 


active state at least 11 weeks. It was not 


of Mochizuki-strain persisted in 


determined, however, whether or not 
the virus multiplied. 

In the trypsin-treated kidney tissue 
cultures grown directly on glass surface 
and incubated in the stationary state at 
35 C, both the Mochizuki and Hawaiian 
strains of type 1 virus multiplied. The 


multiplication was relatively slow, at 


least under the conditions adopted. The 
Mochizuki 


through 31 passages and the Hawaiian 


strain was maintained 
strain through more than 10 passages. 
Infectivity for mice was shown with tis- 
sue culture fluids representing 10~® dilu- 
tion of the Mochizuki strain inoculum 
10~* the 


strain inoculum. 


and dilution of Hawatian 
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The cultivated virus retained its orig 


inal mouse infectivity, and was neu 


tralized by the specific immune rabbit 
serum. The infected cells exhibited char- 
acteristic degeneration which also was 
suppressed by specific immune serum 


A cytopathogenic agent was re 


covered from an apparently normal 


kidney tissue culture. This agent was 


distinguished from dengue virus bio 


logically and immunologically, 


REFERENCES 


Hanks, J. H. et al. 1955, An Introduction to Cell 
and Tissue Culture, Minneapolis, 
Hotta, S. 1952, Experimental studies on dengue 


I. Isolation, 


Burgess 


modification 
of the virus. J. Infect. Dis. 90: 1-9 

Hotta, S. and Evans, C. A. 1955, Cultivation of 
mouse-adapted dengue virus 
Fed. Proc. 14: 466 

Parker, R. C. 1950, Methods of 
ed. 2, New York, Hoeber 

Reed, L. J. and Muench, H. 1938, A 
od of estimating fifty per cent endpoints. Am 
J. Hyg. 27: 493-497 

Rustigian, R., Johnston, P 
1955, Infection of monkey 
tures with virus-like agents 
Biol. & Med. 88: 8-16 

Sabin, A. B. 1952, Research on dengue during 
World War II. Am. J Med. & Hyg. 1: 
40-50 

1955, Recent advance 

sandfly 
Med. & Hyg. 4: 198-207 

Schlesinger, R. W. 1950, Propagation in chick 


embryos of the Hawaiian 


identification and 


in tissue culture, 


lissue Culture, 


imple meth 


and Reihart, H 
kidney tissue cul 


Proc, Sox Exper 


Trop 


in our knowledge 


fever. Am. J 


of dengue and 


lrop 


strain of dengue 

virus. I, Sustained serial passage in eggs after 
one hundred and one intracerebral pa 
mice. Am. J. Hyg. 51: 248-254 

Smith, W. M. and Evans, C. A 


neurotropK Viruses in 


al pet in 


1954, Growth of 
extraneural tissues 
VII. Cultivation of MM and western equine 
encephalitis rhesus 
testicular tissue. J. Immunol. 72: 353-359 
Youngner, J. S. 1954, Monolayer tissue culture 


I. Preparation and 


viruses in cultures of 


standardization of su 
kidney 
& Med. 85: 


pensions of trypsin-dispersed monkey 
cells Proc Soc 
202-205 


Exper. Biol 





TRANSMISSION STUDIES WITH ENCEPHALOMYOCARDITIS VIRUS 


J. M. VANELLA, R. E. KISSLING, AND R. W. CHAMBERLAIN 


From the Communicable Disease Center, Public Health Service, U 


S. Department of Health, 


Education, and Welfare, '. O. Box 61, Montgomery, Alabama 


Some of the viruses of the encephalo- 
myocarditis (EMC) group are known to 
be pathogenic to man.'? Isolations of 
the virus have from the 
rhesus monkey,’ chimpanzee,‘ mandrill 
7 


been made 
mon- 
goose, and wild-caught mosquitoes of 
the genus Mansonia.* Certain epidemio- 


baboon,® cotton rat,? hamster, 


logical observations have tended to in- 
criminate rats as the reservoir of the 
virus, and antibodies to this virus group 
have been found in the serums of wild 
Africa and North 
America, while serums from other ani- 


rats collected in 
mal species collected in the same areas 


have been negative for antibody.* 
While presence of virus in wild-caught 
mosquitoes might indicate an arthro- 
the 


presence of virus in the mosquito could 


pod-borne type of transmission, 


be purely adventitious. The limitation 
of the presence of naturally occurring 
antibody to the serums of rats, to the 
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exclusion of other small animals, is not 
in conformity with most other mosquito- 
borne virus diseases. 

The work to be described was under- 
taken to test several possible modes of 
transmission of encephalomyocarditis 
virus among rodents. 


MATERIALS AND METHODS 
EMC 


mandrill 


The strain of virus used was 


isolated from a 


Virus. 
that from 
zoological park in Florida.’ All tests were made 
with third and fourth mouse brain passage ma- 
terial. 


baboon a 


of 


taining materials were made intracerebrally in 3 


Titration of virus,——Titrations virus-con- 
week-old mice. Four or 5 mice were used on each 
dilution. ‘The LDsgo end points were calculated 
by the method of Reed and Muench.'® 

Animals.— Mice were CFW CF-1 
strains. Guinea pigs were from the stock raised 
at this laboratory. Cotton rats were obtained 
from commercial sources. 

Mosquitoes.—The Aedes aegypti used in these 
experiments were reared in the laboratory from 
strain originally Technical 
Devetopment Laboratories, Technology Branch, 


used or 


a obtained from 
Communicable Disease Center, Savannah, Geor 
gia. The Mansonia perturbans (Walker) were 
caught as adults near Ponchatoula, Louisiana 
All mosquito incubations were at 80 F and rela 
tive humidity of about 75%. 


EXPERIMENTAL 


studies.—Preliminary to 


attempts 


Viremia 
transmission with mosqui- 
toes, the following tests were run to 
determine the presence, duration, and 
amount of virus in the blood of several 
species of roderits to aid in the selection 
of an appropriate host animal. 

Four guinea pigs were inoculated sub- 


cutaneously with 6300 mouse intracere- 


Reed, L. J. and Muench, H 
Hyg. 27: 493-497. 


10 1938, Am 


J 
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bral LDs'’s and blood 


from them at regular intervals from the 


was collected 
6th to 192nd hour after inoculation. The 
bloods thus collected were qualitatively 
tested for presence of virus by inocula- 
tion of a 10~' dilution intracerebrally 
into mice. One of the guinea pigs failed 
to show a febrile response or to circulate 
virus, and the other three showed slight 
and circulated virus 


for 48 to 120 hours (table 1). There was 


febrile responses 


TABLE 1. Presence of virus in the blood of 


guinea pigs inoculated subcutaneously with 


EMC virus 


Hours 


after inoculation 


96 120 «144 


virus to kill all the 


mice inoculated with the 10~-' dilution 


seldom sufficient 
of blood. In view of their relative insus- 
ceptibility, no further work was done 
with guinea pigs 

Ten 3-week-old mice were inoculated 
subcutaneously with 6300 mouse intra- 
cerebral LD 50's. Two of the mice were 
bled (and sacrificed) at 6 hours, and 2 
others each day thereafter through 72 
hours. Three mice were bled at the 72- 
hour period, since of the 4 mice left at 
this time, 1 was dead and the other 3 
were prostrate. Virus was found in the 
10°! dilution of blood of all the 


bled at the various time intervals. 


mice 


fen other mice were inoculated and 
bled in a similar manner, but the blood 
samples were titrated intracerebrally in 
mice. The highest blood virus titer was 
105-5, 
after inoculation (table 2). 


found in one mouse at 48 hours 


rats were inoculated 


4 


Several cotton 
subcutaneously with a 10~* dilution of 
EMC-infected mouse brain containing 
approximately 6000 mouse intracerebral 


L.Dygo’s of virus. Blood samples were 


Pasie 2 Virus titers in blood of mice inocu 


lated subcutaneously with EMC virus 


(haboon strain) 


Hours after inoculation 


*Log LD 


taken 
this group each day after inoculation 
The 
that 
found in the blood of infected mice. The 


from two different animals of 


and titered for virus content 


amount of virus was similar to 


cotton rats, however, succumbed to in 


fection than did the mice 


(table 3) 


The viremia levels produced in mice 


sootieT 


by the recently isolated baboon strain of 
EMC virus were compared with those 
produced by the original strain which 
had been isolated in 1948 from a chim 
had 


intracerebral mouse passages The mice 


panzee* but received numerous 


were inoculated with a higher dilution 
of virus (10~*) to insure survival through 


72 hours. It can be seen in table 4 that 


the level of circulating virus produced 


by this mouse adapted strain was not 
significantly different from those levels 
with the re 


resulting from infection 


cently isolated strain (table 2 
TABLE 3 Virus titer in blood of cotton rat 
inoculated subcutaneously with EF M¢ 


virus (baboon strain 


Hours after inoculation 
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Tasie 4.—Viremia levels produced in mice 
ubcutaneous tnoculation of a mouse 


adapted strain of EMC viru 


aller 


Hour 


Mice were considered to be the ani- 
mal of choice for the mosquito trans- 
the 


bloed virus levels produced, their avail- 


mission experiments because of 
ability, and ease of handling. 
Mosquito transmission attempts with 
A. aegypti.—-One hundred and eighty- 
four A. aegypti mosquitoes were allowed 
to take blood meals from mice circulat- 
ing virus in titers of 10*7 to 10°° (table 
5). Sample lots of these mosquitoes were 
tested for virus by intracerebral mouse 
inoculation after 6 and 15 days of incu- 
bation, with negative results. Attempts 
to transmit infection by bites of 30 to 70 
extrinsic 


and 27 


days. No transmission was effected; and 


mosquitoes were made after 


incubation periods of 10, 21, 


when these mosquitoes were subse- 


quently ground and inoculated into 


mice, only one pool of 10 mosquitoes in 
the 27-day group contained a trace of 
virus 
Vosquito transmission attempls using 
Paste § Viremia levels in mice at time of 


mosquito feeding (A. aegypti 


Number of 
moaquitoe 


feeding 


12 
9 
10 
26 
»? 
2 7 
ae 
28 
3 


m experiment 
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M. perturbans.—Fifty-one M. pertur- 
bans were allowed to engorge upon mice 
circulating virus in 10** to 
10°*. The mortality the 


quitoes subsequent to this feeding was 


titers of 
rate in mos- 
rather high, probably because they were 
getting old. They had been captured as 
adults and therefore their ages were un- 
known at the time of the tests. Twelve 
mosquitoes dying between the 8th and 
11th days of incubation were tested for 
virus and found negative 

After a 9-day 
period, 11 mosquitoes from a group of 
No 


virus 


extrinsic incubation 
17 refed singly upon normal mice 


transmissions occurred and no 


could be demonstrated in suspensions 
of any of the 17 mosquitoes 
Excretion of virus by mice.—-Prelimi 
nary toattempting contact transmission, 
infected mice were tested for the pres 
ence of virus in the urine and feces. Five 
mice were inoculated subcutaneously 
with 6000 intracerebral LD5o's of virus 
collected 


the 


Urine and feces were daily 


thereafter and tested for presence 
of virus. The mice usually urinated and 
defecated promptly upon being picked 
up. The urine was collected in a petri 
dish containing a small amount of saline 
and the feces were collected on a swab 
and transferred to a tube. Antibiotics 
were added to control bacterial contam- 
the 


through 96 hours, while one died of in- 


inants. Four of mice survived 
fection after 72 hours. Virus was present 
in both the urine and feces of all 5 mice 


on each day except for a negative feca 


specimen from one mouse collected 72 


hours after inoculation. The urine speci- 
men from one mouse and the fecal speci- 
men from another could not be obtained 
at 72 hours. 

Mouse contact transmission studies. 
3-week-old 
intranasally with 0.03 ml each of a 10~? 


Ten mice were inoculated 


dilution of virus, representing approxi- 


mately 60,000 intracerebral LD o's. 
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Five each were placed in a box contain- 


ing 5 normal mice. The feed was sup- 


plied in an overhead hopper and the 


water in the usual type bottle. All of the 
inoculated died of 
tween the 3rd and Sth days 
tact 


mice infection be- 
4 he con- 
through 24 days 


without showing signs of disease, and at 
that 


mice survived 


time they were challenged intra- 


with 60 LDs5o's of virus. All 
succumbed to challenge 


cerebrally 


In a second test, ten 3-week-old mice 


were inoculated subx utaneously with 


6000 intracerebral LDs5o's of virus. Five 


each were placed in a box in 


contact 
with 5 normal mice of the same age. The 
feed was given on the bottom of the box 
so that urine and 


contamination with 


feces was possible In one box all of the 


inoculated mice died of infection be 
tween the 4 and 6th days after inocula- 
tion. The contact mice survived through 
the 19th that 


challenged with 


day and at time were 


a small dose of virus 
Four of the 5 contacts died following 
challenge. Seven of 9 non-contact con 
trols died from the same challenge. 

In the other box, 4 of the 5 inoculated 
mice died of infection between the 4th 
and 6th days after inoculation. The 5th 
lived through the 19th day, at 


time it survived intracerebral challenge 


which 


with virus. One of the inoculated mice 
which died on the 5th day was partially 
eaten by its cagemates. Subsequently, 
3 of the contact mice died with symp- 


EMC 


surviving contacts with- 


toms characteristic of infection 
One of the 2 
stood an intracerebral challenge with 
virus 

Colton rat stud 
rats were inoculated 
intranasally with 0.03 ml of a 10~* dilu 
6000 


bral LDso's of virus 


contact transmission 
1@S kive cotton 
tion containing mouse intracere- 
Each rat was then 
placed in a cage with a normal cotton 
rat. The inoculated rats died between 


the 2nd and 4th day after inoculation 


the 
5 contact rats developed EMC infection 
and died on the 6th, 9th, and 11th days 


No cannibalism occurred. Three of 


after being placed in contact with the 
inoculated rats. 

Transmission to mice by ingestion of 
VITUS In view of the 
EMC virus in a 


cannibalism occurred, the following ex 


transmission of 


box of mice in which 

periment was performed: 
Each of 9 three-week-old 

fed one-half of an EM¢ 


brain 


mice was 
infected mouse 
rhe alternate brain halves were 
intracerebrally in 
mice with a resultant LD 5» at 10 
Seven of the 9 mice died of EM¢ 
rd and &th day 
The 


succumbed to a 


pooled and titered 
inter 
tion between the alter 
eating the infected material two 


chal 


virus given 22 days later 


SUrViViliv mice 
lenge of KM¢ 
DISCUSSION 


Two mosquito species, A aegypti and 
M. perturbans, EMC 


mice 


failed to transmit 


virus after feeding on infected 


However, the attempt using Mansonia 
may be considered incomplete since a 
high mortality in the mosquitoes re 
stricted the extrinsic incubation period 
On the other hand, the 
fact that none of the M perturbans re 


tained the virus would tend to substanti 


to only 9 days 


ate their inability to transmit even had 
a longer extrinsic incubation period been 
allowed. 

The present limited experiments do 
not rule out 
Ee M¢ 


however, it 


mosquitoes as vectors ol 
virus. If arthropods are involved, 
logical to 


would be more 


suspect a more host-specifi than 
the 
reported serological surveys in both the 
United States and Africa. Furthermore, 
Gillett and Dick have found that Man 


sonia fuscopennatus, M and 


one 


mosquitoes, in view of results of 


uniformt 
M. africanus are incapable of transmit 
African EMC (Mengo) 


fact, these mosquitoes retained virus in 


ting virus. In 





102 


their bodies for no more than 8 days fol- 
lowing an infected meal." 
The ability of cotton rats to transmit 


the virus by contact tends to place 


transmission by this under 


means 


greater suspicion as a ‘‘natural”’ 


method than transmission by arthropod 


vectors. The cannibalistic tendencies of 


many rodents and the experimental 


proof of infection of mice through in- 
brain material 


gestion of infected 


indicate a supplementary means of 


transmission. 


11. Dick, G. W. A. 1953, Tr 
Med. & Hyg. 47: 13-48 


Roy Son Trop 


J. M. VANELLA, R. E. Kiss~inG, anp R. W. CHAMBERLAIN 


Since EMC virus is excreted in the 
urine and feces of mice, it would seem 
advisable to investigate food contam- 
ination through these sources in the 
event of future outbreaks in humans. 


SUMMARY 


Encephalomyocarditis virus  infec- 


tions were transmitted in cotton rats 
by contact. Albino mice became infected 
through ingestion of virus-containing 
material but not by direct contact al- 
though virus was excreted in the urine 
and feces of infected mice. 

Transmission Aedes 


aegypti and Mansonia perturbans failed. 


attempts using 
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it} esophagus proventriculus, 
of the 


proventri ulus, and the subsequent ict 


caused occulsion of lumen 


of feeding by a flea caused regurgitation 
of the 
1915 
ol 


into the host sacot 


that 


organisms 
points out the initial stage 
is due to the lodgment 
the bacilli the 
proventri ular spine like epithelial cells 
Phe classical work of Bacot and Martin 


was conducted with two species of fleas, 


blo« kage 
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the 


ind growth among 
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1938), Eskey and Haas (1940), Douglas 
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are efficient 
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Dismantled mouse confinement cage 








Fic. 7 Assembled mouse confinement cage 


perimental animals also varied, but the majority by formation of an intradermal bleb on the bell 
of animals received the inoculum via the tail of the animal 
tissues. Some animals, however, received the rhe laboratory-reared fleas used in the experi- 


inoculum intraperitoneally, subcutaneously or ments were starved for a period of 24 hours prior 
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to feeding. In the majority of the experiments 50 
to 100 fleas were permitted to feed upon infected 
Only 


tained a blood meal were used. Fleas suspected 


inimals those fleas observed to have ob 
of having become infected were examined micro 
scopically for detection of any developing mass in 
blocked 


two 


the digestive tract. Suspiciously fleas 
lots 


was fed on normal mice and examined 


were segregated and divided 


One lot 


daily 


into 


for possible proventricular blocking and 
subsequent Three to 5 fleas of 


intervals, 


transmission. 
the second lot were selected at daily 
dissected and the proventriculus and ventricu 
These 
sected fleas, as well as from any 
blocked fleas of the 


separately in a 


lus of each removed organs from dis 
suspiciously 
first lot, were triturated 
Ten Broeck tissue grinder in a 
small amount of 1% peptone water and portions 
of the material cultured in tryptose phosphate 
broth and streaked on blood agar plates. A sec- 
ond portion was inoculated into normal mice 


via the subcutaneous route 


Cultures and slide 
spleen and heart 
mice which suc 

study The 

remainder of these organs were ground, emulsified 

Mice 


surviving were beld for a period of at least 14 


preparations were made of 


material removed from any 


cumbed during the course of the 
and inoculated into susceptible animals 
days, then sacrihced and examined, Suspicious 
1utopsy material was passed to other susceptible 
mice. Slide 
Wavson's 
Mice 


developing symptoms of plague 


with 
stain and examined microscopically 


preparations were stained 


on which fleas had fed were observed for 
Bacteriological 
identification tests were performed by the De 
partment of Bacteriology 


RESULTS 


Transmission attem pts._-F leas used in 
these experiments received their infec 

tious blood meal from mice previously 
inoculated via the subcutaneous tissue 
of the tail with 0.5 ml broth emulsion. of 
the avirulent plague strains cultured at 
30 C. This route of inoculation was pre- 
ferred because the inoculated animals 
survived for 3 to 5 days. Fleas were 
placed on infected mice 24 hours after 
inoculation via the tail tissue since qual- 
itative determination of bacteremia in 
mice this 


inoculated in with 


strain EVS51, revealed organisms present 


manner, 


in the circulating blood and also in the 
spleen at that time. Prior to this period 


organisms were not found in the blood 
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nor in the spleen. After 48 hours isolates 
of Past. pestis were obtained from the 
spleen but not from the heart blood. 
The infected host mice were placed in 
confinement cages within glass battery 
jars and 50 to 100 fleas per mouse per 
mitted until animal ex- 
hibited severe illness or until it died. 

the 
animals were placed upon new suscep- 
tible animals and permitted to feed 


to feed each 


Fleas removed from inoculated 


Mice developing signs and symptoms of 
plague were sacrificed, or upon death 
autopsied, grossly examined and emul- 
sions of heart and spleen passed to 
normal animals. A second normal ani 
mal was placed with each lot of fleas 
and the procedure repeated as long as 
any fleas remained alive. 

Transmission attempts were negative 
in which the various flea species in com- 
bination with the 


different plague 


strains were used. Negative results were 
also obtained in experiments in which 
fleas were afforded the opportunity to 
feed on mice treated by X-ray irradia- 


tion or by intramuscular injection of 


IA (Past 


to dept ess the 


cortisone acetate or fraction 
pestis) in an 


reticulo-endothelial 


attempt 
system activity 
prior to inoculation with an avirulent 
plague strain. 

Blockage of digestive tract of fleas 
The degree of bacteremia determined 
by tail vein smear in inoculated mice 
was usually found to be low. The count 
never averaged more than two organ- 
isms per high power microscopic field 


Use of reticulo-endothelial depressants, 


such as 96 roentgen units of X ray per 


mouse, 0.5 mg fraction IA per mouse, or 
1.5 mg of cortisone acetate per mouse, 
administered prior to inoculation of 
animals failed to produce the desired 
high bacteremic count in these animals, 
Despite the low degree of bacteremia in 
Past 
pestis were nevertheless obtained from 


the proventriculus of X 


inoculated animals, isolates of 


cheopis (Cali 
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fornia) and from the ventriculus of M. 
anisus (Tokyo). 

In one experiment a white mouse was 
inoculated via the subcutaneous tissue 
of the tail with a suspension of A1122, 
the inoculum containing 243 xX 10 
organisms. After feeding on the inocu- 
lated mouse for 48 hours, two X. cheopis 
with dark proventriculi and empty con- 
stricted ventriculi were examined under 
the micro- 


phase microscope. Under 


scopic examination the proventricular 
teeth were not discernible, apparently 
obscured by the developing proventric- 
ular mass. When proventriculi of the 
two fleas were dissected out and micro- 
Past. 
pestis were obtained in both instances. 


With M. 


ments performed, although no proven- 


cultured on a slide, isolates of 


anisus, in 3 of 13 experi- 
tricular blocks were noted to develop, 
dark, free-floating masses were observed 
in the ventriculi of the fleas in nine in- 
stances. Fleas received their infectious 
blood meals from white mice previously 
inoculated via the subcutaneous tissue 
of the tail with an emulsion of a 48-hour 
culture of the strain EV51. The isolates 
of Past. pestis were obtained from fleas 
which had fed for 3 days on a mouse 
inoculated with 447 X 10° organisms. 
Three days after their last blood meal, 
six fleas were examined microscopically 
and then dissected for culture. Two iso- 
lates were obtained from the dissected 
fleas 


DISCUSSION 


Inducement of a desired high degree 
of bacteremia in animals, inoculated via 
different routes with the various aviru- 
lent plague strains used in the studies, 
the 
concentration of the inoculum with or 


was unattainable 


irrespective of 
without the aia of reticulo-endothelial 
depressants such as X ray irradiations, 
The 


series of experiments conducted by us 


fraction IA or cortisone acetate. 


have resulted in low bacteremic count 
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avirulent 
the 
method employed by us in attempts to 


in animals inoculated with 


plague organisms. Therefore, 
mass infect fleas is contraindicated and 
a more feasible method of mass infection 
of fleas with avirulent plague organisms 
appears to be that employed by Quan 
et al. 


SUMMARY 


Low bacteremic count in animals in- 
oculated with avirulent plague organ- 
isms resulted in failure to mass-infect 
fleas. Nevertheless, two X. 
vealed 


cheopis re- 
proventricular blockage from 
which isolates of Past. pestis were ob- 
tained, while two isolates of Past. pestis 
were obtained from six M. anisus which 
developed dark, free-floating masses in 
the 


tempts were negative. 


ventriculus. All transmission at- 
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\PO 500. San I 


It became evident early in the studies metal dish containing blood upon which 
that ivirulent plag l¢@ Organisms neve fleas were allowed to teed through i! 
produce a degree of bacteremia in inimal skin membrane in direct contact 

als inoculated i different routes with the blood 
rrespective ol the concentration of the 
inoculum Tos of reticulo-endothelial MATERIALS AND METHODS 
depressa ts, such as X-ray irradiatior 
fraction [A Pasteurella pesti or cort 
sone acetate administered prior to 
oculation of animals failed to produce 
the desired high bacteremic count in 
these animals. Cortisone acetate, how 
evel Ma ' have depressed the reticulo 
endothelial yvstem to the extent that 
isolation ol plague organisms trom the 
Various org s was. tacilitated ina 
haemorrhagic i ition of the subcu 
taneous tissue I mouse Ww is induced 
more rapidl follow) oculation with 
ivirules anisms. Since at 
tempts to inl : ins b illowing 
the fleas to teed o i inimal inoculated 

th ivirulent plague organism were 
unsuccesstul due to the low bacteremi 
count 1 the infected imal i simple 
method of infecting fleas in vitro 
devised, While these studies concert 


irtificial methods ol infect te vere 


progress, WKartmas 1954) reported 


upo! I irtificial method lor 
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Spe mens ol 


plague 


and te 


PAST 


24 hours on blood agar slants and re- 


moved by washing with defibrinated 
rabbit blood was used as the infectious 
material. All the fleas 
the feeding apparatus 
flea 


scopically for blood engorgement 


removed 
after 24 


examined 


were 
irom 
micro- 
rhe 
were segregated 
and kept at 21 to 24 C for 72 hours. At 


this time, the presumably infected fleas 


hours and eat h 


engorged specimens 


were allowed to feed en masse on a host 


mouse placed in a confinement 


cage 
Fleas were 


the 


within a glass battery jar. 


periodically removed from host 


and dissected for culture to 
determine the continued 
bacilli Fac h 


was sacrificed, or 


animal 
presence ot 

host 
death, 
autopsied, and heart and spleen cul 


plague moribund 


mouse upon 
tured. A normal mouse was then placed 
in the cage with the fleas and the pro- 
cedure repeated as long as any fleas 
alive. All 
tempts were negative with infected X 
both 


remained transmission at 


cheopis {rom Kobe, Japan, and 
California 
Blockage of digestive tract of X 


Fleas were readily infected in the 


che- 
opis 
feeding apparatus through either chick 
(1 week old) or M 
skin 
fibrinated rabbit blood concentration of 
587 K 10° to 6382 K 10° plague organisms 


per ml. The use of heparin as an anti- 


musculus (albino) 


membranes in contact with de- 


coagulating agent was avoided when it 
that on the 


small volume of heparinized blood con- 


was observed occasions, 


taining plague organisms clotted over 


night at 25 C, thus preventing fleas 
blood 
fleas 


through the feeding apparatus contain 


from obtaining a meal. In 


one 


experiment, the were infected 


ing 720X10° organisms per ml. Even 
with this high concentration of organ 
isms, viable plate counts were negative 
in the case of some of the males dissected 
30 minute and 24 


\fter a 


for culture after the 


hour feeding periods 30-minute 
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the numbers of 


Past. pestis ingested by the males varied 


feeding opportunity 
from 0 to 240 organisms, whereas in the 
females the counts varied from as low as 
90 to as high as 75,000 organisms, the 
optimal ingestion ratio between males 
and females being approximately 1: 300 
Taking into consideration the maximum 
initial ingestion of plague bacilli by 
both sexes, there was a 100-fold increase 
in the females 48 hours after feeding 
Although no data are available for males 
of the species after 48 hours, the con 
centration of viable organisms retained 
by the females in the proventriculus and 
stomach revealed a definite decrease 72 
Quan et al (1954) 
reported blockage of the proventriculus 


hours after feeding 


occurring as early as the 2nd day follow 


ing an infectious meal. Our studies re 
vealed the formation of proventricular 
masses with associated empty and con 
stricted ventriculi in X. cheopis as early 
as the 3rd day and occasionally as late 
as the 9th day after an infectious meal 
These proventricular masses were either 


broken the blocked 


fleas were given an opportunity to feed 


immediately when 
on a normal mouse or required 2 con 


secutive days of feeding of 5 minutes 


the blocks 


occurred, In one experiment, 13 females 


duration before breakage of 
were examined microscopically 7 days 


after an infectious meal. Microscopic 


observation revealed 5 fleas with dark 
proventriculi and constricted ventriculi 
These 5 fleas, when fed individually on 
a mouse, broke their blocks immediately 
and were dissected for culture after the 
blood meal. Three isolates of Past. pesti 
were obtained. In one instance a female 
dark 
ventriculus was encountered 3 


Phis 


subse 


with a proventriculus and con 
stricted 
days following an infectious meal 
feed 

days, 


No trans 


female, when allowed to 


quently for 6 consecutive 


still unable to break the block 


Was 


mission occurred with this flea specimen 
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DISCUSSION 


Our investigations partially confirm 
Kartman's report that male X. cheopis 
do not feed as well as do females through 
membrane feeding techniques. Con- 
cerning the age of various rodent hosts 
whose skins were used in the feeding 
apparatus, Kartman reports that 49 of 
128 male X. cheopis fed through juvenile 
skins, whereas 


VU. musculus (albino) 


through adult skins of the same species 


obtained a 
blood meal. This is at variance and con- 


of animal, not one male 
trasts sharply with our figures since our 
feeding experiments utilized skins re- 
moved from 20- to 25-g adult M. mus- 
culus (albino). Although in our feeding 
female than male 
fleas were used, positive feeding of male 


experiments more 
X. cheopis was obtained in all experi- 
ments conducted in spite of their appar- 
ent reluctance to feed. Since a high 
percentage of feeding did not always 
occur, particular emphasis was placed 
on the selection of fleas for experimental 
work. When fleas were to be selected 
from the rearing crocks, only healthy 
fleas without di- 
gested blood in their midguts were re- 
moved and starved at 25 C for 3 to 7 
days 


amber in color and 


prior to use. Periodically the 
fleas were aspirated into a test tube 
from the feeding apparatus and micro- 
scopically checked for blood engorge- 
ment against a strong light to determine 
the feeding response. It was advanta- 
geous to use the lighter colored fleas in 
this work because of the ease in deter- 
mining the presence of ingested blood in 
their digestive tracts. Many fleas were 
observed to feed immediately. However, 
all fleas were allowed to remain in the 
feeding apparatus to accommodate 
those individuals which were reluctant 
to feed at first in order to allow more 
time for them to become acclimated to 


their new environment before feeding. 


WHEELER, SUYEMOTO, CAVANAUGH, SHIMADA, AND YAMAKAWA 


Kartman reported an average of 10.3% 
feedings of the total numbers of X. 
cheopis used when 
through adult M. musculus 
skins, whereas our average has been 
40.8% feedings. Kartman obtained sim- 
ilar feeding response with YX. 
cheopis whether fresh or 5 day frozen 
blood of Rattus norvegicus was used in 
contact with adult M. musculus (albino) 
skins. On the other hand, Kartman ob- 


allowed to feed 


(albino) 


low 


tained favorable feeding responses with 
skins of juvenile animals and with adult 
skins of other rodent species whose 
skins were thinner than that of M. mus- 
culus (albino). Although the thickness 
of the skin membrane may be a critical 
factor in feeding, our numerous at- 
tempts to feed fleas through skins of 
varied thicknesses from topside resulted 
in a negative feeding response possibly 
because of the formation of a thin air 
layer between the skin membrane and 
the blood. To minimize this air layer 
to feed 


membrane 


formation, fleas were allowed 
the the 
without subjection of skin membrane to 


from underside of 
washing, freezing, defattening or depila- 
tory substances. Close cropping of hair 
from the skin membrane was not neces- 
sary. These in vitro studies suggest that 
basic problems relative to nutrition, 
physiology and disease vector efficien- 
cies of different flea species obtained 
from widely separated geographic areas 
may be approached through the use of 
the feeding apparatus described in this 
report or through techniques similar in 
nature, 


SUMMARY 


A simplified apparatus is described 
for the experimental feeding and infec- 
tion of fleas in vitro. A high percentage 
of fleas fed through an animal skin 
membrane in a desiccator jar main- 
tained at approximately 65% relative 
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humidity and at 25C +0.5 C. X. cheopis 
used in the studies fed readily through 
membranes prepared from the relatively 
thick skins of adult M. musculus (al- 
bino). The thickness of M. musculus 
(albino) skin apparently is not necessar- 
ily the limiting factor in the ability of 
X. cheopis to feed as reported by Kart- 
rhe fleas 
through the feeding apparatus described 


is less complicated and lends itself to 


man. mode of infecting 


easier manipulation than does the 


apparatus described by Kartman 
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